Stock Assessment of Pacific Haké/erluccius productus,
(a.k.a. Whiting) in U.S. and Canadian Waters in 209

Owen S. Hamel
lan J. Stewart
3/16/2009

Northwest Fisheries Science Center
National Marine Fisheries Service
National Oceanic and Atmospheric Administration
2725 Montlake Blvd., East
Seattle, WA 98112, USA

Draft



Executive Summary

Sock

This assessment reports the status of the coastdidthake (or Pacific whiting,
Merluccius productus) resource off the west coast of the United StatesCanada. The coastal
stock of Pacific hake is currently the most abundmoundfish in the California Current system.
Smaller populations of hake occur in the majorts\t# the northeast Pacific Ocean, including
the Strait of Georgia, Puget Sound, and the GuBalffornia. However, the coastal stock is
distinguished from the inshore populations by latyedy size and seasonal migratory behavior.
The coastal population is modeled as a single stogkthe United States and Canadian fishing
fleets are treated separately in order to captmeesof the spatial variability in Pacific hake
distribution, size- and age-structure, as wellistsely selectivity.

Catches

Coast-wide fishery landings of Pacific hake aveda22? thousand mt from 1966 to
2008, with a low of 90 thousand mt in 1980 and akp& 361 thousand mt in 2006. Recent
coast-wide landings have continued to be abovéotigeterm average, at approximately 297 and
322 thousand mt in 2007 and 2008, respectivelydiras were predominately comprised of fish
from the large 1999 year class in 2007, and froat ylear class along with the emergent 2005
year class in 2008. The United States has averbgg@thousand mt, or 74.7% of the total
landings over the time series, with Canadian cat@raging 56 thousand mt. The 2007 and
2008 landings had similar national distributionghw5.6% and 77.0%, respectively, harvested
by the United States fishery. The current modebrgn discarding of Pacific hake outside of the
target fishery, where discard has been includddndings estimates; the terms catch and
landings are therefore used interchangeably; théghrd is estimated to be less than 1% of
landings and therefore is likely to be negligible.

Table a. Recent commercial fishery landings (1060s

us Canadian Canadian
us shore- UR UR foreign shore- Canadian

Year at-sea based Tribal total and JV based total Total
1999 115 83 26 225 17 70 87 312
2000 116 86 7 208 16 6 22 231
2001 102 73 7 182 22 32 54 236
2002 63 46 23 132 0 51 51 183
2003 67 51 25 143 0 62 62 206
2004 90 89 31 210 59 65 124 335
2005 150 74 35 259 15 85 100 360
2006 134 97 35 267 14 80 94 361
2007 121 73 30 225 7 66 73 297
2008 166 50 32 248 4 70 74 322

' This value for 2007 Canadi an catch was reported to us after the STAR panel
and too late to be included in the MCMC anal ysis. The val ue used in the
assessment is 86 thousand nt. This small difference (13 thousand nt = ~4% of
total estimated catch in 2007) should have very little effect in the results.
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Figure a. Total Pacific hake landings used in gmeasment by nation, 1960-2008 (Canadian landiegs a
represented by the lighter region above the dask8r values).

Data and assessment

Age-structured assessment models of various foane heen used to assess Pacific hake
since the early 1980's, using total fishery landjrigghery length and age compositions and
survey abundance indices. The acoustic survey @hildly coefficient ) has been, and
continues to be, one of the major sources of uaitgytin the model. From 2004 to 2007,
assessments presented two models (which were adgarhe equally likely) in an attempt to
bracket the range of uncertaintygn In 2008, an effort was made to include the uiadety inq
as well as additional uncertainty regarding theuatio survey selectivity and the natural
mortality rate of older fish within a single modeérlhis 2009 assessment model incorporates
further uncertainty in the degree of recruitmentafality as well as more flexible time-varying
fishery selectivity. Uncertainty in acoustic sunagtchability remains large, and is included in
the base case model.

In 2006, the hake assessment model was convearedain ADMB model developed by
Dorn (Dorn et al. 1998) to Stock Synthesis 2 (38&thot, 2005). In the current (2009) model,
conducted in SS v3.02b (Methot 2009), we have lipitin the most recent model (Helser et al.
2008), adding new data and refining the modelingg#fing imprecision. New data in the 2009
assessment includes: Historical length data fromeéSBarbara, California (1963-1970); 2008
catches from the U.S. and Canada; 2008 length @amditconal age-at-length compositions from
the U.S. and Canadian fisheries; and the 2008 jlevgmdex.
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Sock biomass

The base model indicates that the Pacific hake lEesgawning biomass declined rapidly
after a peak in 1984 (4.02 million mt) until 20@58 million mt). This long period of decline
was followed by a brief increase to a peak of Iri8ion mt in 2003 as the large 1999 year class
matured. In 2009 (beginning of year), spawningrass is estimated to be the lowest in the
time-series, 0.43 million mt, however this estimatquite uncertain, with asymptotic 95%
confidence intervals ranging from 0.20 to 0.67 imilimt. This level equates to approximately
32% of the estimated unfished spawning biomasse{s$pBEstimates of uncertainty in current
relative depletion range from 15%-49% of unfishezhiass. The estimate of spawning biomass
for 2008 is 0.56 million mt, considerably lower thihe estimate of 1.10 million mt from the
2008 assessment, reflecting a downward revisidharestimated absolute scale of the hake
stock. However, the estimated 2008 depletion levdll% is slightly higher than the 38%
estimated by the 2008 assessment, reflecting awawdrevision of the unexploited equilibrium
conditions as well. The recent peak of spawningnaiss in 2003 generated by the 1999 year
class is now estimated to have reached 102% afrtegploited equilibrium whereas the
estimate from the 2008 assessment was only 66#abetuilibrium level. These changes in the
scale of the problem are mainly a function of iased flexibility in time-varying fishery
selectivity and the improved ageing imprecisionnuas, leading to revised year-class strengths
for dominant cohorts. Unexploited equilibrium spawgnbiomass (SR, is estimated to be 1.37
million mt (~95% confidence interval: 1.22-1.51).
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Figure b. Estimated female spawning biomass timese&ith approximate asymptotic 95%
confidence intervals.
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Table b. Recent trend in estimated Pacific hakenbgs and depletion level

Female
Total Age 3+ spawning ~95% ~95%
biomass biomass biomass confidence Estimated confidence

Year (million mt) (million mt) (million mt) interval depletion interval
2000 2.12 1.22 0.58 0.53-0.62 42% 37% - 47%
2001 2.98 1.37 0.71 0.64 - 0.78 52% 45% - 59%
2002 3.23 3.12 1.16 1.02-1.31 85% 73% - 98%
2003 3.19 3.05 1.39 1.21-1.58 102% 86% - 118%
2004 2.89 2.82 1.33 1.14 - 1.53 98% 82% - 114%
2005 2.45 2.21 1.10 0.91-1.28 80% 65% - 95%
2006 2.00 1.85 0.87 0.68 - 1.06 64% 49% - 78%
2007 1.67 1.34 0.66 0.47 - 0.86 49% 34% - 63%
2008 1.37 1.27 0.56 0.33-0.78 41% 25% - 57%
2009 1.14 0.92 0.43 0.20 - 0.67 32% 15% - 49%

Recruitment

Estimates of historical Pacific hake recruitmenti¢gate a very large year class in 1980.
Secondary large recruitment events occurred in 18984 and 1999, with 1970, 1973, 1987,
1990 and 2005 being substantially larger than atjagears. The 1999 year class was estimated
to be the largest in 15 years (12.32 billion, 9%#ival: 10.79 - 14.08@illion) and has supported
fishery catches since 2002. Uncertainty in estichageruitments is substantial, especially for
recent years, as indicated by the asymptotic 958tidence intervals. Recruitment to age 0
before 1962 is assumed to be equal to the long-teean recruitment. Age-0 recruitment in
2005 appears promising but its magnitude is stitiywincertain, as the 2005 year class has only
been observed in the fishery for two seasons (ZUWB) and the acoustic survey for one season
(2007). The fishery catch included some fish fréw& 2006 year class during the 2008 fishing
season, but this recruitment has yet to be obsenviik acoustic survey. Recruitments
subsequent to 2007 are drawn exclusively from tibeksrecruit curve, with correspondingly
high levels of uncertainty.

Table c. Recent estimated trend in Pacific hakeurecent

Estimated

recruitment  ~95% confidence
Year (billions age-0) interval
2000 0.46 0.38 - 0.56
2001 0.98 0.80-1.21
2002 0.01 <0.01-0.03
2003 1.64 1.20 - 2.23
2004 0.33 0.22 - 0.50
2005 2.39 1.50-3.81
2006 0.38 0.21 - 0.69
2007 1.03 0.15-6.94
2008 1.90 0.29 - 12.35
2009 1.86 0.29-12.10
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Figure c. Estimated recruitment time-series withragimate asymptotic 95% confidence
intervals.

Reference points

Two types of reference points are reported inassessment: those based on the
population parameters at the beginning of the neatieéine period and those based on the most
recent time period in a ‘forward projection’ modecalculation. This distinction is important
since temporal variability in growth and other paeders can result in different biological
reference point calculations across alternativerblogical periods. All strictly biological
reference points (e.g., unexploited spawning bi@nare calculated based on the unexploited
conditions at the start of the model, whereas memagt quantities (MSY, SBy, etc.) are based
on the current growth and maturity schedules aadrarked throughout this document with an
asterisk (*).

Unexploited equilibrium Pacific hake spawning bi@®&B..) is estimated to be 1.37
million mt (~ 95% confidence interval: 1.22-1.51 oih mt), with a mean expected recruitment
of 1.99 billion age-0 hake (~ 95% confidence intér¢eB0-2.21). Associated management
reference points for target and critical biomasegle based on Sp, proxy are 0.55 million mt
(B40%) and 0.34 million mt (B25%), respectively.SM is estimated to be 287,805* mt,
produced by a female spawning biomass of 296,241 and reflecting the high value (0.88)
estimated for steepness of the stock-recruit cuiriie.equilibrium Rsy-proxy harvest rate (F40%)
yield under the base model is estimated to be B30,Bt, occurring at a spawning biomass of
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466,466* mt. The biomass-based target xBequilibrium yield is estimated to be 254,359*
mt, occurring at a spawning biomass of 546,335%iwn current life history parameters.
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Figure d. Time-series of estimated depletion, 19609.

Exploitation status

The relative spawning potential ratio (1-SPR) facific hake has been below the proxy
target of 40% for the history of this fishery, e ratio is uncertain and approaching 1.0 in
recent years. Pacific hake are presently in teeaartionary zone with regard to biomass level
(32% unfished biomass in 2009) and slightly belatn95% of (in 2008), the target SPR rate.
The full exploitation history in terms of both theemass and F targets is portrayed graphically
via a phase-plot.
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Figure e. Recent trend in relative spawning paaértio (1-SPR/1-SPRget=0.9-

Table d. Recent trend in relative spawning potérditto (1-SPR/1-SPR4e=0.) and exploitation fraction
(catch/3+biomass). Values for 2009 are part ofdhecast results.

~95% ~95%
Relative  confidence Exploitation confidence

Year SPR ratio interval fraction interval
1999 0.93 0.91-0.96 0.23 0.21-0.24
2000 0.81 0.78-0.84 0.19 0.17 - 0.20
2001 0.75 0.70-0.79 0.17 0.16 - 0.19
2002 0.46 0.42 - 0.50 0.06 0.05-0.07
2003 0.41 0.36 - 0.46 0.07 0.06 - 0.08
2004 0.59 0.53-0.66 0.12 0.10-0.14
2005 0.70 0.62-0.79 0.16 0.13-0.19
2006 0.79 0.68 - 0.90 0.19 0.15-0.24
2007 0.82 0.68 - 0.96 0.23 0.17 -0.30
2008 0.95 0.77-1.14 0.25 0.15-0.36
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Figure f. Temporal pattern (phase plotyelative spawning potential ratio (1-SPR/1-SRf-0.)
vs. estimated spawning biomass relative to theypd@%o level, 1960-2008. The filled circle
denotes 2008 and the line connects years throwgtinte-series.

Management performance

Since implementation of the Magnuson-Stevens FysGenservation and Management
Act in the U.S. and the declaration of a 200 m#bdry conservation zone in Canada in the late
1970's, annual quotas have been the primary mareagdool used to limit the catch of Pacific
hake in both zones by foreign and domestic fiskerfecientists from both countries have
collaborated through the Technical Subcommitteth@iCanada-US Groundfish Committee
(TSC), and there has been informal agreement oadbption of an annual fishing policy.
During the 1990s, however, disagreement betweeb t8eand Canada on the division of the
acceptable biological catch (ABC) between the taontries led to quota overruns; 1991-1992
guotas summed to 128% of the ABC and quota oveauvasged 114% from 1991-1999. Since
2000, total catches have been below coast-wide ABCsecent treaty between the United
States and Canada (2003), which has not yet bdélgnmyplemented, establishes U.S. and
Canadian shares of the coast-wide allowable bickgiatch at 73.88% and 26.12%,
respectively.

In recent years, failure to extract the entire @Milable to the fishery in U.S. waters has
been a result of extremely restrictive bycatchtnain overfished rockfish species, particularly
widow and canary rockfishes. In 2008, there waslantary ‘stand-down’ during the season as
the fleet approached the bycatch limit, and thieefig was subsequently shut down when the
limit was reached. Reallocation of quota in thg fahen bycatch levels tend to be lower,
allowed for the U.S. fishery to achieve 92% ofGX¥.
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Table e. Recent trend in Pacific hake mamegé performance

Total Coast-wide Coast-wide
landings  (U.S. + Canada) (U.S. + Canada)

Year (mt) QY (mt) ABC (mt)
1999 311,855 290,000 290,000
2000 230,820 290,000 290,000
2001 235,962 238,000 238,000
2002 182,911 162,000 208,000
2003 205,582 228,000 235,000
2004 334,672 501,073 514,441
2005 359,661 364,197 531,124
2006 360,683 364,842 661,680
2007 297,098 328,358 612,068
2008 322,017 364,842 400,000

Unresolved problems and major uncertainties

The acoustic survey catchability and selectivity remain uncertain and the modalltes
are quite sensitive to estimated values. Thiargaly driven by an inconsistency in the acoustic
survey biomass time series and age compositioge-cdmposition data suggest a large build
up of stock biomass in the mid-1980s, however toaistic survey biomass time series is
relatively flat since 1977. Efforts are underwayéanalyze the historical acoustic survey time-
series and provide annual variance estimates, \@aldate target-strength relationships, the sum
of which could provide more information for the Z0Odssessment.

Forecasts

Forecasts are generated applying the 40:10 cantiebhnd coast-wide catch allocation of
73.88% and 26.12% to the U.S. and Canada, respbctoymaximum likelihood results.
Extremely wide confidence intervals for forecasaugfities reflect uncertainty in recent and
future year-class strengths as well as current agsnfevels. Alternative management actions are
presented in a decision table based on MCMC intiegraf the posterior distribution for model
guantities.

Table f. Three-year projections of maximum likelldebased Pacific hake ABC, OY, spawning biomass
and depletion for the base case model based af0thé harvest control rule and thgy, overfishing
limit/target.

Female
spawning ~95% ~95%
ABC biomass confidence Estimated confidence
Year (mt) OY (mt) (millions mt) interval depletion interval
2009 291,965 253,582 0.43 0.20 - 0.67 32% 15% - 49%
2010 238,866 193,109 0.36 0.10-0.62 26% 7% - 45%
2011 227,178 189,054 0.36 <0.01-0.74 27% <1% - 53%

Draft 10



Table g. Decision table with three year projectiohposterior distributions for Pacific hake femafgmawning biomass, depletion (both of these ab#ginning of the
year, before fishing takes place) and relative spagvpotential ratio (1-SPR/1-SPRe0.4 Values greater than 1.0 denote overfishing). ICaliernatives are based
on: 1) arbitrary constant catch levels of 50,0@®m,200, 150,000 and 200,000 mt (rows a, b, d, grit) the values estimated via the 40:10 harvestrobrule and
the F40 Overfishing limit/target for the base case MLE mb@ow h; from Table f above), and catch streaemsasenting upper and lower quartiles of depléftiom
the MLE variance estimate (rows ¢ and i); 3) therapimate 40:10 policy rule applied to the mediathe full posterior (MCMC) distribution for 2009dw g); and
4) the catch level that would be risk neutral imte of avoiding being overfished (depletion >25#%2010 (row e).

States of nature

Management Action Female spawning biomass Estimated depletion Relative spawning potential ratio
(millions mt) posterior interval posterior interval
posterior interval
Year Catch 5th 25th 50th 75th 95th 5th 25th 50th 75th 95th 5th 25th 50th 75th 95th

2009 50,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29% 4% 3 46% 0.24 0.31 0.36 0.42 0.52
a 2010 50,000 0.23 0.33 0.41 0.50 0.69 17% 24% 29%36% 49% 0.22 0.29 0.34 0.41 0.52
2011 50,000 0.24 0.33 0.43 0.56 0.90 17% 24% 31% 0% 4 64% 0.19 0.27 0.33 0.40 0.51
2009 100,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.43 0.52 0.60 0.68 0.81
b 2010 100,000 0.21 0.31 0.38 0.48 0.66 15% 22% 28%34% 47% 0.40 0.52 0.60 0.70 0.86
2011 100,000 0.20 0.29 0.39 0.52 0.86 14% 21% 28%37% 61% 0.37 0.50 0.60 0.72 0.89
2009 137,526 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.54 0.65 0.73 0.82 0.96
c 2010 131,109 0.19 0.29 0.37 0.46 0.65 14% 21% 26%33% 46% 0.51 0.64 0.74 0.84 1.02
2011 156,111 0.17 0.26 0.36 0.49 0.83 12% 19% 26%35% 59% 0.53 0.70 0.82 0.96 1.14
2009 150,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.57 0.69 0.77 0.86 1.00
d 2010 150,000 0.19 0.28 0.36 0.45 0.64 14% 21% 26%33% 46% 0.56 0.70 0.80 0.91 1.09
2011 150,000 0.16 0.25 0.34 0.48 0.82 11% 18% 25%34% 58% 0.52 0.70 0.82 0.97 1.16
2009 184,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29934% 46% 0.65 0.77 0.86 0.95 1.08
e 2010 184,000 0.17 0.27 0.35 0.48 0.63 13% 19% 25981% 45% 0.65 0.80 0.91 1.02 1.20
2011 184,000 0.13 0.22 0.32 0.45 0.79 9% 16% 23% 2% 3 56% 0.62 0.81 0.95 1.10 1.31
2009 200,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29934% 46% 0.69 0.81 0.90 0.98 1.12
f 2010 200,000 0.17 0.26 0.34 0.43 0.62 12% 19% 249%31% 44% 0.69 0.85 0.96 1.07 1.25
2011 200,000 0.12 0.21 0.30 0.43 0.78 8% 15% 22% 1% 3  56% 0.66 0.86 1.00 1.16 1.37
2009 215,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29934% 46% 0.71 0.84 0.93 1.02 1.15
g 2010 215,000 0.16 0.25 0.33 0.42 0.61 12% 18% 24%30% 44% 0.73 0.89 1.00 111 1.29
2011 215,000 0.11 0.19 0.29 0.42 0.77 7% 14% 21% 0% 3 55% 0.70 0.91 1.05 1.22 1.43
2009 253,582 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.79 0.91 1.00 1.09 1.22
h 2010 193,109 0.14 0.24 0.32 0.41 0.60 10% 17% 239%29% 43% 0.69 0.86 0.98 1.10 1.29
2011 189,054 0.10 0.19 0.28 0.42 0.76 7% 14% 21% 0% 3 54% 0.65 0.86 1.01 1.18 1.40
2009 365,784 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.95 1.07 1.15 1.23 1.35
i 2010 256,993 0.09 0.18 0.27 0.36 0.55 7% 14% 19%25% 39% 0.85 1.04 1.17 1.30 1.45
2011 222,901 0.04 0.12 0.21 0.34 0.69 3% 9% 15% % 25 50% 0.77 1.02 1.20 1.38 1.46
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Research and data needs

1)

2)

3)

4)

5)

6)

7)

8)

9)

Reanalyze the historical acoustic survey time-sarel calculate annual variance
estimates incorporating uncertainties in spatiakmlity, sampling variability and target
strength uncertainty.

Evaluate a sex-specific model and use of splitssdectivity for the survey and the U.S.
and Canadian fisheries.

Evaluate whether modeling the distinct at-sea dwodesbased fisheries in the U.S. and
Canada resolves some lack of fit in the composalidata.

Investigate aspects of the life history charadiesgor Pacific hake and their possible
effects on the interrelationship of growth rated amaturity at age. This should include
additional data collection of maturity states aecuindity, as current information is
limited.

Evaluate the quantity and quality of biologicalalptior to 1988 from the Canadian
fishery for use in developing length and conditicage-at-length compositions.

Compare spatial distributions of hake across alyand between bottom trawl and
acoustic surveys to estimate changes in catchdbiilability across years. The two
primary issues are related to the changing spdis#dibution of the survey as well as the
environmental factors that may be responsible fi@nges in the spatial distribution of
hake and their influences on survey catchability selectivity.

Develop an informed prior for the acoustic g. Téwsild be done either with empirical
experiments (particularly in off-years for the seyyor in a workshop format with
technical experts. There is also the potentiakfage putting the target strength
estimation in the model directly. This prior shobkl used in the model when estimating
the q parameter.

Conduct further exploration of ageing imprecisiowl @ahe effects of large cohorts via
simulation and blind source age-reading of sampldsdiffering underlying age
distributions — with and without dominant year skes.

Investigate alternative methods of parameterizexgiall as alternative time blocking
and/or restricted annual changes for fishery selectinvestigate reasons for changes in
selectivity over time to validate estimated selattipatterns.

10) Develop alternative indices for juvenile or yoydgand/or 2 year old) Pacific hake.

Collect and investigate use of data on bycatclhrmyp fishery as early indicator of year
class strength.
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Table h. Summary of recent trends in Pacific helgloitation and stock levels; all values repoiéthe beginning of the year.

Quantity 2000 2001 2002 2003 2004 2005 2006 2007 0820 2009
Coast-wide landings (mt) 230,820 235,962 182911 558P 334,672 359,661 360,683 297,098 322,017 NA
ABC (mt) 290,000 238,000 208,000 235,000 514,441 1,BB 661,680 612,068 400,000 NA
OY (1000s mt) 290,000 238,000 162,000 228,000 58,0 364,197 364,842 328,358 364,842 NA
Relative SPR:

(1-SPR/1-SPRugeo.) 0.81 0.75 0.46 0.41 0.59 0.7 0.79 0.82 0.95 NA
~95% interval 0.78 - 0.70 - 0.42 - 0.36 - 0.53 - 0.62 - 0.68 - 0.68 - 0.77 - NA
0.84 0.79 0.50 0.46 0.66 0.79 0.90 0.96 1.14
Total biomass (millions mt) 2.12 2.98 3.23 3.19 R®.8 2.45 2.00 1.67 1.37 1.14
3+ biomass (millions mt) 1.22 1.37 3.12 3.05 2.82 212 1.85 1.34 1.27 0.92
Spawning biomass
(millions mt) 0.58 0.71 1.16 1.39 1.33 1.10 0.87 .660 0.56 0.43
~95% interval 0.53 - 0.64 - 1.02 - 1.21 - 1.14 - 0.91 - 0.68 - 0.47 - 0.33 - 0.20 -
0.62 0.78 1.31 1.58 1.53 1.28 1.06 0.86 0.78 0.67
Recruitment (billions age-0) 0.46 0.98 0.01 1.64 330. 2.39 0.38 1.03 1.9 1.86
~95% interval 0.38 - 0.80 - <0.01 - 1.20 - 0.22 - 1.50 - 0.21 - 0.15 - 0.29 - 0.29 -
0.56 1.21 0.03 2.23 0.50 3.81 0.69 6.94 12.35 12.10
Depletion 42% 52% 85% 102% 98% 80% 64% 49% 41% 32%
~95% interval 37% - 45% - 73% - 86% - 82% - 65% - 49% - 34% -  25% - 15% -
47% 59% 98% 118% 114% 95% 78% 63% 57% 49%
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Table i. Summary of Pacific hake reference poiritdSY related values reflect current growth pattern

~95% Confidence

Quantity Estimate interval
Unfished female spawning bioma&8¢, millions mt) 1.37 1.22-1.51
Unfished total biomass (millions mt) 3.23 NA
Unfished 3+ biomass (millions mt) 2.87 NA
Unfished recruitmentRp, billions) 1.99 1.80-2.21
Reference points based on SBagy
MSY Proxy female spawning biomas3{, mt) 546,335 489,456 — 603,214
SPR resulting ir8Baoy, (SPRss40%) 0.46 0.43 -0.50
Exploitation fraction resulting i8B4o0 0.21 0.18 - 0.23
Yield with SPRsgaow, at SBago, (Mt) 254,359 212,930 — 295,788
Reference points based on SPR proxy for MSY
Female spawning biomass at SFR{r mt) 466,466 396,733 — 536,198
S:)RMSY_proxy 0.40 NA
Exploitation fraction corresponding to SPR 0.26 NA
Yield with SPRusy-proxy at SBser (M) 270,563 229,717 — 311,409
Reference points based on estimated MSY values
Female spawning biomassMEY (SBusy mt) 296,241 185,212 — 407,269
SPRusy 0.27 0.14-0.40
Exploitation fraction corresponding 8°Rysy 0.42 0.20-0.64
MSY (mt) 287,805 222,140 — 353,470
300,000 +
250,000 -
-~ 200,000 -
E
< 150,000 -
Q
>~ 100,000 -
50,000 -
O I I I I I I
000 020 040 060 080 100 1.20

Female spawning biomass (millions mt)
Figure h. Equilibrium yield curve for the base caszdel. Note that values will differ from table bowve
where iteration was performed to ensure that ti8-Ganadian catch allocation was maintained.
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INTRODUCTION

The Joint US-Canada treaty on Pacific Hake wam#dly ratified by the United States as
part of the reauthorization of the Magnuson-Stev@skery Conservation and Management Act.
As of this writing the treaty has not been fullyplemented. Under this treaty Pacific hake
(a.k.a. Pacific whiting) stock assessments aretprbpared by the Hake Technical Working
Group comprised of U.S. and Canadian scientistg@vidwed by a Scientific Review Group
(SRG), with memberships as appointed by both mattiehe agreement. While these entities
have not been formally established by either natioe 2008 assessment was cooperatively
prepared by an ad hoc Technical Committee. ThamtSCanadian scientists met three times
for the purposes of data exchange and discussiorajuir issues and modeling activity in
preparation for the final review. The current (2D@ssessment, which represents the work of a
U.S. technical team, retains the basic structute®008 assessment, while a number of issues
were examined more deeply than had been possil2@0&. A more extensive exploration of the
assessment model and data is anticipated as pht @010 assessment.

Prior to 1997, separate Canadian and U.S. assetssmere submitted to each nation’s
assessment review process. This practice resuli@iffering yield options being forwarded to
each country’s managers for this shared trans-kanyrfésh stock. Multiple interpretations of
Pacific hake status made it difficult to coordinateoverall management policy. To address this
problem, the working group agreed in 1997 to preseientific advice in a single collaborative
assessment, with agreement officially formalize@003. To further advance the coordination
of scientific advice on Pacific hake, the curresgessment report was submitted to the Pacific
Council’'s Stock Assessment review process for teahneview in fulfilment of the agreement
and to satisfy the management responsibilitieb®i.S. Pacific Fisheries Management Council
(PFMC). The Review Group meeting was held in $&atYA at the Hotel Deca, Feb 3 - 6,
2009.

Stock Structure and Life History

Pacific hake erluccius productus), also referred to as Pacific whiting, is a serliagic
schooling species distributed along the west cofalsbrth America generally ranging from 25
N. to 5P N. latitude. It is among 13 species of hake ftbmgenusMerluccidae, which are
distributed worldwide in both hemispheres of thé&aAtic and Pacific Oceans and collectively
have constituted nearly two million mt of catch aalty (Alheit and Pitcher 1995). The coastal
stock of Pacific hake is currently the most abundgoundfish population in the California
Current system. Smaller populations of this sgectxur in the major inlets of the North Pacific
Ocean, including the Strait of Georgia, Puget Spand the Gulf of California. Electrophoretic
studies indicate that Strait of Georgia and thegP@gund populations are genetically distinct
from the coastal population (Utter 1971). Gendiiferences have also been found between the
coastal population and hake off the west coastaph Balifornia (Vrooman and Paloma 1977).
The coastal stock is also distinguished from tlsbane populations by larger body size and
seasonal migratory behavior.
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The coastal stock of Pacific hake typically ranfyjemn the waters off southern California
to Queen Charlotte Sound. Distributions of eggsjde, and infrequent observations of
spawning aggregations indicate that Pacific halkevepng occurs off south-central California
during January-March. Due to the difficulty of &img major offshore spawning concentrations,
details of spawning behavior of hake remains poonigerstood (Saunders and McFarlane
1997). In spring, adult Pacific hake migrate omshand to the north to feed along the
continental shelf and slope from northern Califarta Vancouver Island. In summer, Pacific
hake form extensive midwater aggregations in aaioai with the continental shelf break, with
highest densities located over bottom depths ofZWDm (Dorn 1991, 1992). Pacific hake feed
on euphausiids, pandalid shrimp, and pelagic samgékh (such as eulachon and Pacific
herring) (Livingston and Bailey 1985). Larger R&dnake become increasingly piscivorous,
and Pacific herring are commonly a large compoonéhtke diet off Vancouver Island.

Although Pacific hake are cannibalistic, the gepbgra separation of juveniles and adults usually
prevents cannibalism from being an important factdheir population dynamics (Buckley and
Livingston 1997).

Older (age 5+), larger, and predominantly femaleehexhibit the greatest northern
migration each season. During El Nifio eventsrgelaproportion of the stock migrates into
Canadian waters, apparently due to intensifiedwaatd transport during the period of active
migration (Dorn 1995, Agostini et al. 2006). Elfdiconditions also result in range extensions
to the north, as evidenced by reports of hake fasbatheast Alaska during these warm water
years. Throughout the warm period experience®80%, there were changes in typical patterns
of hake distribution. Spawning activity was recatawrth of California. Frequent reports of
unusual numbers of juveniles off of Oregon to iBhtColumbia suggest that juvenile settlement
patterns also shifted northwards in the late 1gB@sson et al. 2002, Phillips et al. 2007).
Because of this shift, juveniles may have beenesubg to increased cannibalistic predation and
fishing mortality. Subsequently, La Nina condisan 2001 resulted in a southward shift in the
stock’s distribution, with a much smaller propontiof the population found in Canadian waters
in the 2001 survey. Hake were distributed acrosstitire range of the survey in 2003, 2005 and
2007 (Figure 1) although absolute numbers decreaseds those years.

Ecosystem Considerations

Pacific hake are an important contributor to ectisyisdynamics in the Eastern Pacific
due to their relatively large total biomass anddptery behavior. The role of hake predation in
the regulation of other groundfish species is {ikel be important (Harvey et al. 2008), although
difficult to measure. Hake migrate farther northiidg the summer during relatively warm water
years and their local ecosystem role thereforediffear-to-year depending on environmental
conditions. Recent research indicates that hakeldisons may be growing more responsive to
temperature, and that spawning and juvenile hakebaabccurring farther north (Phillips et al.
2007; Ressler et al. 2007). Given long-term cliretange projections and changing
distributional patterns, considerable uncertainxigts in any forward projections of stationary
stock productivity and dynamics.

Hake are also important prey items for many pisaus species including lingcod and
jumbo flying squid. In recent years, the lingcodckthas rebuilt rapidly from an overfished level
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and jumbo flying squid appear to have substantelgnded their range northward from more
tropical waters to the west coast of North Amerié¢dthough the relative biomass of these squid
and the cause of this range extension are unknsquig predation on pacific hake is likely to
have increased substantially. There is evideraa the Chilean hake (a similar gadid species)
fishery that squid may have a large and adversadtgn abundance, due to direct predation of
individuals of all sizes.

Fisheries

The fishery for the coastal population of Padifake occurs primarily during April-
November along the coasts of northern Californiegon, Washington, and British Columbia.
The fishery is conducted almost exclusively witldwsater trawls. Most fishing activity occurs
over bottom depths of 100-500 m, while offshoreeagtons of fishing activity have occurred in
recent years to prevent bycatch of depleted rockfrsd salmon. The history of the coastal hake
fishery is characterized by rapid changes brougbtibby the development of substantial
foreign fisheries in 1966, joint-venture fishersthe early 1980's, and domestic fisheries in
1990's (Table 1).

Large-scale harvesting of Pacific hake in the ddie began in 1966 when factory
trawlers from the Soviet Union began targeting fiabake. During the mid 1970's, factory
trawlers from Poland, Federal Republic of Germéing,German Democratic Republic and
Bulgaria also participated in the fishery. Durit@66-1979, the catch in U.S. waters is estimated
to have averaged 137,000 t per year (Table 1, &igur A joint-venture fishery was initiated in
1978 between two U.S. trawlers and Soviet fact@wlers acting as mother ships (the practice
where the catch from several boats is brought batke larger, slower ship for processing and
storage until the return to land). By 1982, thatjwenture catch surpassed the foreign catch,
and by 1989, the U.S. fleet capacity had grownlaval sufficient to harvest the entire quota,
and no foreign fishing was allowed, although joretature fisheries continued for another two
years. In the late 1980's, joint ventures involfisbding companies from Poland, Japan, former
Soviet Union, Republic of Korea and the People’pudic of China.

Historically, the foreign and joint-venture fishesiproduced fillets and headed and
gutted products. In 1989, Japanese mother shigemnb@roducing surimi from Pacific hake,
using a newly developed process to inhibit myxozioaliced proteolysis. In 1990, domestic
catcher-processors and mother ships entered thigcRedke fishery in the U.S. zone.
Previously, these vessels had engaged primariyaskan pollock fisheries. The development
of surimi production techniques for walleye pollogks expanded to include Pacific hake as a
viable alternative. Similarly, shore-based prooessf Pacific hake had been constrained by a
limited domestic market for Pacific hake filletstdmeaded and gutted products. The
construction of surimi plants in Newport and Asaipi®©regon, led to a rapid expansion of shore-
based landings in the U.S. fishery in the earlyQl€9n 1991, the joint-venture fishery for
Pacific hake in the U.S. zone ended because ohtheased level of participation by domestic
catcher-processors and mother ships, and the gavetitiore-based processing capacity. In
contrast, Canada allocates a portion of the Paué#fke catch to joint-venture operations once
shore-side capacity is filled.
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The sectors involved in the Pacific hake fisheranada exhibit a similar historical
pattern, although phasing out of the foreign amatjeenture fisheries has lagged a few years
relative to the U.S. Since 1968, more Pacificehalive been landed than any other species in
the groundfish fishery on Canada's west coast €Tapl Prior to 1977, the fishing vessels from
the former Soviet Union caught the majority of Rladiake in the Canadian zone, with Poland
and Japan accounting for much smaller landinggerAfeclaration of the 200-mile extended
fishing zone in 1977, the Canadian fishery wasd#idiamong shore-based, joint-venture, and
foreign fisheries. In 1992, the foreign fisheryled, but the demand of Canadian shore-based
processors remained below the available yield, theigoint-venture fishery continues today,
although no joint-venture fishery took place in 2@ 2003. The majority of the shore-based
landings of the coastal hake stock is processedsuntimi, fillets, or mince by processing plants
at Ucluelet, Port Alberni, and Delta, British Coloia. Although significant aggregations of
hake are found as far north as Queen Charlottedsauimost years the fishery has been
concentrated below 49° N. latitude off the soutast@f Vancouver Island, where there are
sufficient quantities of fish in proximity to progging plants.

Management of Pacific hake

Since implementation of the Magnuson-Stevens FysGenservation and Management
Act in the U.S. and the declaration of a 200-migdéry conservation zone in Canada in the late
1970's, annual harvest quotas have been the primamggement tool used to limit the catch of
Pacific hake. Scientists from both countries haiggorically collaborated through the Technical
Subcommittee of the Canada-U.S. Groundfish Comen{fi&C), and there have been informal
agreements on the adoption of annual fishing pediciDuring the 1990s, however,
disagreements between the U.S. and Canada orldlreeit of the acceptable biological catch
(ABC) between U.S. and Canadian fisheries led ajoverruns; 1991-1992 quotas summed to
128% of the ABC, while the 1993-1999 combined gsatare 107% of the ABC on average.
However, in 2002 and 2003 an average of only 87%efjuota was used. In the Pacific hake
agreement between the United States and Cana@8%&nd 26.12%, respectively, of the
coast-wide allowable biological catch are to beated between the two countries.
Furthermore, the agreement establishes a JoinniedCommittee to exchange data and
conduct stock assessments, which will be reviewea $cientific Review Group.

United Sates

Prior to 1989, catches in the U.S. zone were anlistly below the harvest guideline, but
since 1989 have caught up to the harvest guidalitteexceptions in 2000, 2001 and 2003 when
90%, 96% and 96% of the quota were taken, respgtisnd 2007 and 2008, when bycatch-
related closures (though followed by later re-opgs) limited total U.S. catch. U.S. catch has
not substantially exceeded the harvest guidelinghi® U.S. zone in any year, indicating that in-
season management procedures have been effective.

In the U.S. zone, participants in the directelldry are required to use pelagic trawls
with a codend mesh that is at least 7.5 cm (3 s)chBRegulations also restrict the area and
season of fishing to reduce the bycatch of Chirgadkon and several depleted rockfish stocks.
More recently, yields in the U.S. zone have bestricted to levels below optimum yields due to
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bycatch of overfished rockfish species, primariigow and canary rockfishes, in the Pacific
hake fishery. At-sea processing and night fishmglfight to one hour after official sunrise) are
prohibited south of 42° N. latitude. Fishing i®pibited in the Klamath and Columbia River
Conservation zones, and a trip limit of 10,000 misuis established for Pacific hake caught
inside the 100-fathom contour in the Eureka INPF&aa During 1992-1995, the U.S. fishery
opened on April 15; however in 1996 the opening aeds changed to May 15. Shore-based
fishing is allowed after April 1 south of 42° Ntitade, but is limited to 5% of the shore-based
allocation being taken prior to the opening of th&n shore-based fishery. The main shore-
based fishery opens on June 15. Prior to 1995ga@aprocessing was prohibited by regulation
when 60 percent of the harvest guideline was rehchi@e current allocation agreement,
effective since 1997, divides the U.S. non-tribavest guideline among factory trawlers (34%),
vessels delivering to at-sea processors (24%)yesskls delivering to shore-based processing
plants (42%). Since 1996, the Makah Indian Thhes conducted a separate fishery with a
specified allocation in its "usual and accustomiskifg area.”

Shortly after the 1997 allocation agreement was@ged by the PFMC, fishing
companies owning factory trawlers with west coastigdfish permits established the Pacific
Whiting Conservation Cooperative (PWCC). The priynale of the PWCC is to allocate the
factory trawler quota among its members. Antia@ddbenefits of the PWCC include more
efficient allocation of resources by fishing comigsnimprovements in processing efficiency
and product quality, and a reduction in waste ayuateh rates relative to the former “derby”
fishery in which all vessels competed for a fleeétlevquota. The PWCC also initiated
recruitment research to support hake stock assessrme part of this effort, PWCC sponsored a
juvenile recruit survey in the summers of 1998 28d1, which since 2002 has become an
ongoing collaboration with NMFS.

Overview of Recent Fishery and Management
United Sates

For the years 2004-2007, the coast-wide ABC wabastd upon the.k, proxy harvest
rate of Ry applied to the output of a base model with acoustrvey catchability (q) equal to
1.0. Based on this algorithm, the ABC was setldt&41 mt in 2004 (Helser et. al. 2004).

While this ABC was larger than seen over the pnevidecade, reflecting substantial increases in
biomass due to the strong 1999 year-class, conrianposed by bycatch of canary and widow
rockfishes limited the commercial U.S. OY to 25@06t. In 2005, the coast-wide OY was set at
364,197 mt. The coast-wide 2006 ABC was estimaidiet661,680 mt, with a coast-wide OY
set at 364,842 mt. In 2005 and 2006 the coast-®@evas essentially fully utilized. For the
2007 fishing season the PFMC adopted the 612,06886Gtand coast-wide OY of 328,358 mt.
The coast-wide OY continued to be considerablywedle ABC based on bycatch
considerations. These same bycatch constraintedausiid-season closure in the U.S. and
resulted in final landings being considerably betbe OY.

2008 Fishery
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Based on the 2008 whiting assessment, the Paoffisall adopted a U.S.-Canada coast-
wide ABC of 400,000 mt, and a U.S. ABC of 295,520 fihe council adopted a U.S.-Canada
coast-wide OY of 364,842 mt and a U.S. OY of 269,64, reflecting the agreed-upon 73.88
percent of the OY apportioned to U.S. fisheries 284 2 percent to Canadian fisheries. Within
the U.S. fishery, the 232,545 mt of the OY wasahd among the target whiting sectors while
the Makah tribal allocation was 35,000 mt, with temaining 2,000 mt set aside for research
catch along with bycatch in non-hake fisheries. AbJ.S. sectors, at-sea catcher/processors
received 34 percent (79,065 mt), motherships rece4 percent (55,811 mt), and the shore-
based fishery received 42 percent (97,669 mt) etahget (non-tribal) whiting sector share.
Bycatch limits for the combined non-tribal Pacifibiting sectors in 2008 were as follows: 275
mt of widow rockfish, 4.7 mt of canary rockfish,caf#i0 mt of darkblotched rockfish.

The official dates of fishing included a standgodrgy start, a mid-season closure, and
continued fishing opportunity through the end 0020By sector, seasons were:
Catcher/processor and mothership sectors, May Abigoist 19; reopening on October 12, 2008
until the end of the year; Shore-based sector: 16rte August 19 and reopening on October 12,
2008 until the end of the year north of 42° N.tlate; April 1 to May 21, June 15 to August 19,
and reopening on October 12 until the end of tler petween 42°-40°30’ N. latitude; April 15
to May 21, June 15 to August 19 and reopening aoliéc 12 until the end of the year south of
40°30’ N. latitude.

Fishermen generally reported that fishing was dlitfiduring the spring, with
aggregations of hake diffuse relative to recenty@dnen large schools of the 1999 year class
were more common. Difficulty in locating schoofshake, which produce high catch rates,
coupled with very high fuel costs led to explorgtbshing in depths, areas and during times of
day uncommon to the recent fishery. This chandeehmavior led, in turn, to an increase in
bycatch rates for rockfish, particularly canarykftgh, including more than 1.5 mt of canary
caught on a single day in June.

Due to high fuel costs, difficult fishing, and higlcatch levels, all U.S. fishing sectors
agreed to a voluntary stand down starting aboug Jum with an original end date of July 5.
Participation was near complete, and the stand dmmtinued until August 1. Much of the
fishing in August was off Southern Oregon. Realdiraporting of bycatch rates and locations
was made possible due to the voluntary adoptid®ealState, a program for summarizing
observer data for use by the fishing fleet. Thestimsed sector used this system for the first
time in 2008 and it was particularly important iimtaining fishing opportunity during the
period from August 1 to August 18 when the fleeswary close to bycatch limits.

The fishery was officially closed by NOAA on Augu?, when it was estimated that the
canary rockfish bycatch limit would be reached. Wiiee fisheries were closed the shore-based
sector had taken only 35.5 percent of its Pacifitiwg allocation, the catcher/processor sector
had taken 62.3 percent of its allocation, and tbhéership sector had taken 84.0 percent of its
allocation.
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In September, the Council decided to reopen thefison October 12, while increasing
the widow rockfish bycatch limit by 12 metric tofie 287 mt) and the canary rockfish bycatch
limit by 1.7 mt (to 6.4 mt) upon reopening and loyaalditional 0.3 mt (to 6.7 mt) two weeks
following the re-opening, but no later than OctoBéy 2008. These bycatch limit increases were
facilitated by lower-than-expected catches in otfreundfish fisheries and research activities.

Fishermen reported good fishing during Octoberdadember, with relatively high
catch per unit effort (CPUE) on schools of mixexkdifish including the 1999 year class, the
2005 year class and some smaller fish from the 3@@6 class. Bycatch rates were, as is
generally the case, much lower in the fall thangjpweng and summer fisheries. This allowed
greater flexibility for fishermen to fish both aght and closer to bottom where hake
aggregations may be more dense.

During November, the Pacific Council reallocatedd®® metric tons (mt) of the 97,669
mt shore-based sector allocation to the catchardssor (+36,724) and mothership (+2,276)
sectors. This action reflected decreasing fishifayteby the shore-based sector and, at the end
of November, the mothership sector as well, suahdlsubstantial portion of the OY was
projected to be left uncaught without reallocatiBgcatch rates tend to increase again toward
the end of the calendar year as the hake aggregatisperse, and the few vessels still
participating in the fishery near the end of 20@@arted more difficult fishing.

The shore-based sector caught 50,422 mt, or 85{9& remaining quota after in-season
reallocations. The at-sea mothership sector cahigB2 mt, or 98.9% of its remaining quota
after in-season reallocations. The at-sea cataloeepsor sector caught approximately 106,500
mt, or 92.0% of its remaining quota after in-seasgailocations. Tribal catches totaled 31,829
mt, or 90.9% of the quota allocated. In total, 2008 U.S. fishery caught approximately
246,183mt, or 92.0% of the OY.

Canada

DFO managers allow a 15% discrepancy betweenub&a@nd total catch. The quota
may be exceeded by up to 15% in any given yearwisithen deducted from the quota for the
subsequent year. Conversely, if less than theagsdtken, up to 15% can be carried over into
the next year. For instance, an apparent overa$y898 was due to carry-over from 1997 when
9% of the quota was not taken this policy has estiited in catch exceeding the coast-wide OY
in the past 6 years (Table 2). During 1999-20@1RBARC groundfish subcommittee
recommended to DFO managers yields based on FA0%0Woption and Canadian managers
adopted allowable catches prescribed at 30% ofdhst-wide ABC.

The all-nation catch in Canadian waters was 53rB8tH 2001, up from only 22,401 mt
in 2000 (Table 1). In 2000, the shore-based layglin the Canadian zone hit reached the lowest
level since 1990 due to a decrease in availabiltgtches in 2001 increased substantially over
those of 2000 for both the joint-venture and sHmased sectors but were still below
recommended Total Allowable Catch (TAC). Total Gdiaa catches in 2002 and 2003 were

Draft 22



50,769 mt and 62,090 mt, respectively, and weredséed exclusively by the shore-side sector;
constituting nearly 87% of the total allocationtisht country. In 2004, the allowable catch in
Canada was 26.14% of the coast-wide ABC, approxiyd34,000 mt. Catches were nearly
split equally between the shore-based and jointurersectors, totaling 124,000 mt. Canadian
Pacific hake catches were fully utilized in the 20i8hing season with 85,284 mt and 15,178 mt
taken by the domestic and joint venture fishernespectively. In 2006, the joint-venture and
domestic fisheries harvested 13,700 mt and 80,a0@aspectively. During the 2007 fishing
season, Canadian fisheries harvested 85% of tlB& 85yt national allocation. In 2008,
Canadian fisheries harvested 78% of the 95,297atmmal allocation with joint-venture and
domestic sectors catching 4,000 mt and 70,000aspectively.

ASSESSMENT
Modeling Approaches

Age-structured assessment models of various foane heen used to assess Pacific hake
since the early 1980s, using total fishery landifighery length and age compositions, and
abundance indices. Modeling approaches have avals@ew analytical techniques have been
developed. Initially, a cohort analysis tunedishiéry CPUE was used (Francis et al. 1982).
Later, the cohort analysis was tuned to NMFS thi@raecoustic survey estimates of absolute
abundance at age (Francis and Hollowed 1985, Helliogt al. 1988a). In 1989, the hake
population was modeled using a statistical categatmodel (Stock Synthesis) that utilized
fishery catch-at-age data and survey estimatesmilption biomass and age-composition data
(Dorn and Methot, 1991). The model was then caedeio AD Model Builder (ADMB) in
1999 by Dorn et al. (1999), using the same bagiuladion dynamics equations. This allowed
the assessment to take advantage of ADMB’s postergence routines to calculate standard
errors (or likelihood profiles) for any quantity ioterest. Beginning in 2001, Helser et al. (2001,
2003, 2004) used the same ADMB modeling platforragsess the hake stock and examine
important assessment modifications and assumpifilecisding the time varying nature of the
acoustic survey selectivity and catchability. Boeustic survey catchability coefficiemnf has
been, and continues to be, one of the major sowfa@scertainty in the model. Due to the
lengthened acoustic survey biomass trends, thesmesat model in 2004 was able to freely
estimate the acoustic survgy These estimates were substantially below thenasg value of
g=1.0 from earlier assessments. The 2004 and 2@@Ssments presented uncertainty in the
final model result as a range of biomass. The fewmel of the biomass range was based upon
the conventional assumption that the acoustic sugweas equal to 1.0, while the higher end of
the range represented@0.6 assumption.

In 2006, the coastal hake stock was modeled ubm&tock Synthesis modeling
framework (SS2 Version 1.21, December, 2006) wrilig Dr. Richard Methot (Northwest
Fisheries Science Center) in AD Model Builder. @ension of the previous hake model into
SS2 was guided by three principles: 1) incorpolegsderived data, favoring the inclusion of
unprocessed data where possible, 2) explicitly mitdeunderlying hake growth dynamics, and
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3) achieve parsimorfyn terms of model complexity. “Incorporating legsived data” entailed
fitting observed data in their most elemental forRar instance, no pre-processing to convert
length data to age compositional data was perfornddsb, incorporating conditional age-at-
length data, through age-length keys for each fished survey, allowed explicit estimation of
expected growth, dispersion about that expectaéind,its temporal variability, all conditioned
on selectivity. In 2006 and 2007, as in 2004 angb2@ssessments presented two models (which
were assumed equally likely) in an attempt to beathke range of uncertainty in the acoustic
survey catchability coefficient. The lower end of the biomass range was agairdagsen the
conventional assumption that the acoustic sugvess equal to 1.0, while the higher end of the
range allowed estimation of q with a fairly tightqy about q = 1.0 (effective q = 0.6 - 0.7). In
the 2008 assessment, also conducted in SS2 (Vie2<)0n), an effort was made to include the
uncertainty ing, as well as additional uncertainty regarding tbeuatic survey selectivity and
the natural mortality raté\) of older fish (ages 14 and 15+) within a singled®l. As a result,

a broader range of uncertainty is presented vibghitity distributions and risk profiles using
Markov Chain Monte Carlo simulation. Further refiments included, for the first time,
incorporation of age-reading error matrices.

In the current model, conducted in SS v3.02b (Me2®®9), we have built upon the
2008 model, adding new data and refining the madedf ageing imprecision. New data in the
2009 assessment includes: Historical length data fsanta Barbara, California (1963-1970);
2008 catches from the U.S. and Canada; 2008 largtttonditional age-at-length compositions
from the U.S.; and the 2008 juvenile index. The@2868sessment model incorporates further
uncertainty in the degree of recruitment variapi{d;) as well as more flexible time-varying
fishery selectivity. Additionally, the current assenent incorporates further refinements to the
ageing-error matrices, including both updated dathcohort-specific reductions in ageing error
to reflect “lumping” effects due to strong yearsdas. The current model continues to integrate
uncertainty in acoustic surveyand selectivity and iM for older fish.

Data Sources
The data used in the stock assessment model irsclude
» Total catch from the U.S. and Canadian fisheri€@6612008).

* Length compositions from the U.S. fishery (1975-80&nd Canadian fishery (1988-
2007).

» Age compositions from the U.S. fishery (1973-19a49l Canadian fishery (1977-1987).
These are the traditional age compositional datemgeed by applying fishery length
compositions to an age-length key. Use of this@gghed was necessary to fill in gaps
for those years in which biological samples cowdtlye re-acquired from standard
procedures.

? Parsimony is defined as a balance between the mumhiparameters needed to represent a complexaftate
nature and data quality/quantity to support aceuaatd precise estimation of those parameters.
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» Conditional age-at-length compositions from the.Uishery (1975-2008) and Canadian
fishery (1988-2008).

* Biomass indices, length compositions and conditiaga-at-length composition data
from the Joint US-Canadian acoustic/midwater trsuvleys (1977, 1980, 1983, 1986,
1989, 1992, 1995, 1998, 2001, 2003, 2005, and 2008jhould be noted that this
year's assessment, as in the 2008 assessmenparates the 1986 acoustic survey
biomass estimate and compositional data which wesqusly removed upon
recommendation by 2004 STAR review (the STAT argined this was one of the few
survey biomass estimates that provided contrasteime series).

* NWFSC-PWCC midwater juvenile hake and rockfish sys/(2001-2008). A coast-
wide index of hake recruitment was generated basathta from both the SWFSC and
NWFSC-PWCC surveys to account for recent northextgnsion of hake recruitment
along the coast. This data was quite contradidmiite composition data and thus was
effectively tuned out of the model.

» Aging error matrices based on cross-read otolithese included changes by ageing lab
and with reduced ageing error for strong cohorestdua “lumping” effect, the extent
of which as estimated outside of the assessmengimod

* Length data collected in Santa Barbara for thesy#863-1970, by season (January-Mar,
April — June, etc.). 4550 lengths were recordeSaaita Barbara during this period,
while only a total of 1357 were collected at thodleer California ports during the same
period (Jow, 1973), thus only the Santa Barbara @at used.

As in the previous hake model, the U.S. and Camafisheries were modeled separately.
The model also used biological parameters to egtigawning and population biomass to
obtain predictions of fishery and survey biomassifthe parameters estimated by the model.
These parameters were:

» Proportion mature at length (not estimated in mpdel

Population allometric growth relationship, as estied from the acoustic survey (not
estimated in model).

Initial estimates of growth including CVs of lengihage for the youngest and oldest fish
(the latter estimated in model).

Natural mortality 1, not estimated in model for ages 2-13, but estimtiedges 14 and
15+).
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Some sources were not included, but had been expthuring the course of the 2008
assessment, including:

» CalCOFI larval hake production index, 1951-2006e Tata source was previously
explored and rejected as a potential index of Is@esvning stock biomass, but was not
revisited this year. For details see the 2008 assest.

Total catch

The catch of Pacific hake for 1966-2008 by natad fishery is shown in Table 1.
Catches in U.S. waters for 1966-1980 are from Balteal. (1982). Prior to 1977, the at-sea
catch was reported by foreign nationals withouepehdent verification by observers. Bailey et
al. (1982) suggest that the catch from 1968 to 18@@ have been under-reported because the
apparent catch per vessel-day for the foreign fleweased after observers were placed on
foreign vessels in the late 1970's. A sensititatyhis assumption was produced for the 2008
assessment. For 1981-2008, the shore-based laratia@i®m Pacific Fishery Information
Network (PacFIN). Foreign and joint-venture casche 1981-1990 and domestic at-sea catches
for 1991-2008 are estimated from the AFSC’s andssquently, the NWFSC's At-Sea Hake
Observer Programs.

At-sea discards are included in the foreign, jeeture, at-sea domestic landings
estimates in the U.S. zone. Discards have beemtlgestimated for the shore-based non-
whiting fishery but are nominal relative to thealdishery catch. The majority of vessels in the
U.S. shore-based fishery have operated under expetal fishing permits that required them to
retain all catch and bycatch for sampling by plaimdervers. Canadian joint-venture catches are
monitored by at-sea observers, which are placeallgrocessing vessels. Observers use
volume/density methods to estimate total catchmBstic Canadian landings are recorded by
dockside monitors using total catch weights prodidg processing plants. Catch data from
Canadian JV and domestic fisheries were provide@tag Workman and Chris Grandin (DFO,
Pacific Biological Station, Nanaimo, B.C.).

Fishery-dependent Data

Biological information from the U.S. at-sea commar@acific hake fishery was
extracted from the NORPAC database. This yieldedth, weight and age information from the
foreign and joint venture fisheries from 1975-1980¢d from the domestic at sea fishery from
1991-2008. Specifically these data included seecifig length and age data which observers
collect by selecting fish randomly from each halliological data collection and otolith
extraction. Detailed sampling information incluglithe numbers of hauls sampled, lengths
collected, and otoliths aged in the foreign, joiatiture and domestic at-sea fisheries are
presented in Table 3.
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Biological samples from the U.S. shore-based figlare collected by port samplers
where there are substantial landings of Pacifiehpkimarily Newport, Astoria, Crescent City,
and Westport, from 1991-2008. Port samplers reltitake one sample per offload (or trip)
consisting of 100 randomly selected fish for indival length and weight and 20 randomly
selected fish for otolith extraction. The samplurgt for the shore-based fishery is the trip,
while the haul is used for the at-sea fishery.c8idetailed haul-level information is not recorded
on trip landings documentation in the shore-basgtefy, and hauls sampled in the at-sea
fishery can not be aggregated to a comparabléevgd, there is no least common denominator
for aggregating at-sea and shore-based fisherylsamps a result, samples sizes are simply
summed over hauls and trips for U.S. fishery lengtid age-compositions, and each fishery is
weighted according to the proportion of its catch.

Length data (4550 lengths) recorded at record&ahata Barbara between 1963 and 1970
(Jow, 1973) were included as seasonal length coitmposin this assessment. As there was no
information on the number of trips or hauls sampietial input sample sizes were set at one-
tenth the number of length samples in each yeasaason.

The Canadian shore-based fishery is subject to dii8érver coverage. On observed
trips, an both otoliths (for ageing) and lengths sampled from Pacific hake caught in the first
haul of the trip, with length samples taken on sgent hauls. Sampled weight from which
biological information is collected must be infetfeom year-specific length-weight
relationships. For unobserved trips, port sampétain biological data from the landed catch.
Observed domestic haul-level information is thegragated to the trip level to be consistent
with the unobserved trips that are sampled in paftanadian domestic fishery biological
samples are available from 1996-2007, and detadetpling information is presented in Table
4,

For the Canadian at-sea joint-venture fishery,l@seover aboard the factory ship records
the codend weight for each codend transferred xa@ompanion catcher boat. Length samples
are collected every second day of fishing operatiand otoliths are collected once a week.
Length and age samples are taken randomly fromemgiodend. Since the weight of the
sample from which biological information is takemiot recorded, sample weight must be
inferred from a weight-length relationship appltedall lengths taken and summed over haul.
Length and age information is available from thatiwenture fishery from 1988-2007. As in
the case with the U.S. at-sea fishery, the basnpbag unit in the Canadian joint-venture
fishery is the haul. Detailed sampling informatfonthe Canadian joint-venture fishery is also
presented in Table 3.

Length and age data were analyzed based on thdisgmpmtocols used to collect them,
and expanded to estimate the corresponding stdftistn entire landed catch by fishery and year
when sampling occurred. In general, the analystgbs can be summarized as follows:

1) Count lengths (or ages) in each size (or age)diedch haul in the at-sea fishery and
for each trip in the shore-based fishery, genegdtiaw” frequency data.
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2) Expand the raw frequencies from the haul or thyeléo account for the catch weight
and weight sampled in each trip.

3) Expand the summed frequencies by fishery sectac¢ount for the total landings.

4) Calculate sample sizes (number of samples) andal@erto proportions that sum to
unity within each year.

To complete step (2), it was necessary to deriveiltiplicative expansion factor for the
observed raw length frequencies of the samples &kpansion factor was calculated for each
sample corresponding to the ratio of the totalltateight in a haul or trip divided by the total
sampled weight from which biological samples waleeh within the haul or trip. In cases
where there was not an estimated sample weighte(emnmon in the Canadian domestic shore-
based trips), a predicted weight of the sampleagasputed by applying a year-specific length-
weight relationship to each length in the samplentsumming these weights. Anomalies that
could emerge when very small numbers of fish lengtte collected from very large landings
were avoided by constraining expansion factorsotcerceed the 95percentile of all expansion
factors calculated for each year and fishery. @&mganded lengths (N at each length times the
expansion factor for the sample) were then summigdnieach fishery sector, and then
weighted a second time by the relative proportibcatches by fishery within each year and
nation. Finally, the year-specific length frequiesovere summed over fishery sector and
normalized so that the sum of all lengths in alsiiygar and nation was equal to unity.

Tables 3 and 4 provide a detailed sampling sumnigrfishery and nation, including the
number of unique samples (hauls in the joint-ventund at-sea fisheries and trips in the shore-
based fisheries) by year and other sampling matfisample effort. The total sample size (#
samples) from all sectors by year is used as tHgnomial sample size input to the stock
assessment model. In recent U.S. fisheries, bet@®eand 19% of all shore-based landings has
been sampled, compared to between 41% and 95% aftbea catch (Table 5). In both sectors,
the fraction sampled has generally increased awve. fThe percentage of sampled harvest has
been more variable in the Canadian fisheries dvesame time period (Table 6). All recent age
data have been included in the model as conditagelat-length compositions. Eighteen (out of
more than 2600) individual conditional age-at-léngbmpositions were not used due to
unrealistic age-at-size compositions (Pearsonueisd> 50). These generally represented small
samples sizes and purported very old but smaleoy young but large hake. Sample sizes for
conditional age-at-length compositions for the L& Canadian fisheries are given in Tables 7
and 8, respectively.

U.S. fishery length and implied age compositie@@esenting fish caught in both the at-
sea and shore-based fisheries are shown in Figedeend Figure 5-6, respectively. Implied age
compositions are the proportions at age arriveaftat collapsing the conditional age at length
compositions over the length margin (appropriatedyghted). There are differences between
the length compositions of the at-sea and shoreebdsmestic fisheries, suggesting that, in the
future, an attempt should be made to model theraraggly. In general, the composite U.S.
fishery length and age compositions confirm thd webwn pattern of year-class strengths,
including the extra-dominant 1980, dominant 19884land 1999, and secondary 1970, 1973,
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1987 and 1990 year classes moving through thestiaeture (Figure 6). The most recent length
and age compositional data from the 2008 U.S. fishkso indicate the presence of a relatively
strong 2005 year class. Conditional age-at-lengthpositions suggest that the sizes of hake
caught in the U.S. fishery have changed over tpossibly due to growth, selectivity or both.
This is particularly evident with the appearancéaoder fish before 1990 and a shift to smaller
fish between 1995 and 2000. These features aterexgn the population dynamics model.

As with the U.S. fleet sectors, differences ingigncompositions between the Canadian
joint-venture and domestic fleets among some of/das warrant future exploration of fitting
the fisheries separately. The composite Canadaerly length compositions (Figures 7 and 8)
and age compositions (Figures 9 and 10) indicatettie Canadian fleets exploit larger and older
hake. A particularly interesting feature of thémsgth compositions is that the Canadian fleet
prosecuted a seemingly fast growing 1994 year dbkake in 1995 (age 1), 1996 (age 2) and
subsequent years. It is unclear whether thiséstdisize- vs. age-based selectivity; however, it
is well known that larger (and older) hake migrfateher northward annually (Dorn, 1995). The
2001 and 2002 Canadian length compositions appdas anomalies. In recent years the 1999
year class has dominated the catch of the Canéldits, although there is anecdotal evidence of
a relatively strong presence of the 2005 year ¢taize Canadian fisheries in 2008. As in the
U.S. fishery, Canadian age and length composittiesy some temporal pattern in the range of
fish exploited by the fishery (Figures 7-10).

U.S. and Canadian fishery length and conditiogatat-length compositions constitute
the bulk of compositional data in this assessmedtpovide information on recruitment
strength, growth and growth variability. As suttte model is actually fitting the conditional
age-at-length compositions, but fits are showrh&"tmplied" age compositions (fits are simply
collapsed in the margin of proportions at age)famvenience. Since age-composition data
used in the old hake assessment extended furtbkrim@me than the conditional age-at-length
data generated here, the older age data are alsdéa in the assessment model to augment
information on recruitment earlier in the time ssr{U.S. fishery = 1973-1974, Canadian fishery
=1977-1987).

Triennial Shelf Trawl Survey

The Alaska Fisheries Science Center conducte@mnial bottom trawl survey along the
west coast of North America from 1977 to 2001 (\Witket al. 1998). This survey was repeated
for a final time by the Northwest Fisheries Scie@@@anter in 2004. In 1999, the Northwest
Fisheries Science Center began to take respomgitaiti bottom trawl surveys off of the West
Coast, and, in 2003, the Northwest Fisheries Sei€enter survey was extended shoreward to a
depth of 30 fathoms to match the shallow limitlué triennial survey. Despite similar seasonal
timing of the two surveys, the 2003 and subsegaential surveys differ from the triennial
survey in size/horsepower of the chartered fishiegsels and bottom trawl gear used. As such,
the two were determined (at a workshop on the matt2006) to be separate surveys which
cannot be combined into one. In addition, the pres®f significant densities of hake both
offshore and to the north of the area covered byl survey, coupled with the questionable
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effectiveness of bottom trawls in catching mid-watehooling hake, limits the usefulness of this
survey to assess the hake population. For thesems, the neither the triennial nor the
Northwest Fisheries Science Center shelf trawleyare used in the assessment. However,
age-composition data from the triennial surveyus®ed, in conjunction with age-composition
data from the acoustic survey, to evaluate thecBeity pattern associated with the acoustic
survey external to the SS2 model. Results ofahaysis are described below.

Acoustic Survey (Biomass, |ength and age composition)

Integrated acoustic and trawl surveys are usegdsess the distribution, abundance and
biology of coastal Pacific hak®]erluccius productus, along the west coasts of the United States
and Canada (Fleischer et al. 2005). From 1977-199%¢eys in U.S. waters were conducted
every three years by the Alaska Fisheries SciemeaeC (AFSC). The 1995, 1998, and 2001
coast-wide surveys were carried out jointly by AFS@ the Pacific Biological Station (PBS) of
the Canadian Department of Fisheries and Ocean®)DFollowing 2001, the responsibility for
the U.S. portion of the survey was transferrecheoRishery Resource Analysis and Monitoring
(FRAM) Division of NOAA'’s Northwest Fisheries Sciem Center (NWFSC). Following the
transfer, the survey was scheduled on a bienngs paith joint acoustic surveys conducted by
FRAM and PBS in 2003, 2005 and 2007. The acoustiey biomass estimates (age 2+) and
confidence intervals for 1977-2007 are shown iruFedlL1.

The 2007 survey was conducted aboard the NOAAeldtisler Freeman from 20 June
to 19 August, spanning the continental slope amdf siheas along the West Coast from south of
Monterey California (35.7° N.) to the Dixon Entrarerea (54.8° N). A total of 96 line transects,
generally oriented east-west and spaced at 10 onRidtervals, were completed (Figure 1).
During the 2007 acoustic survey, aggregations asta Pacific hake were detected as far south
as 37° N. (Monterey Bay) and nearly continuoustyrfthere to the furthest northerly area
surveyed at Dixon Entrance. Areas of prominenteatrations of hake included the waters off
Point Arena (ca. 39° N.) and north of Cape Mendmd@alifornia (ca. 41° N.), in the area south
of Heceta Bank, Oregon (ca. 44° N.). Pacific hakee relatively sparse off of Vancouver
Island during the 2007 acoustic survey. Diffusecamtrations were found north of Vancouver
Island within waters of the Queen Charlotte Sowad $1° N.) and north to Dixon Strait. Mid-
water and bottom trawls are deployed throughoustheey to verify size and species
composition and collect biological information (j.ege composition, sex). This sampling
revealed that smaller individuals (age-2 fish, espnting the 2005 year class) were prevalent in
the southern portion of their range during the surseason. Throughout the remainder of its
range the coastal Pacific hake stock continuectddminated by the 1999 year-class (age 8),
with the exception of the northernmost areas wheen larger and older Pacific hake
dominated.

The distribution of Pacific hake can vary gredtgtween acoustic surveys. It appears that
northward migration patterns are related to thengfth of subsurface flow of the California
Current (Agostini et al. 2006) and upwelling coratis (Benson et al. 2002). Distributions of
hake backscatter plotted for each acoustic survee 4995 illustrate the variable spatial
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patterns (Figure 1). The 1998 acoustic surveydstaut and shows an extremely northward
occurrence that is thought to be tied to the stit®®7-1998 El Nino. In contrast, the
distribution of hake during the 2001 survey was/nampressed into the lower latitudes off the
coast of Oregon and Northern California. In 200B)%2and 2007 the distributions generally
followed the “normal” coast-wide pattern.

As with the fishery data, acoustic survey lengttl aonditional age-at-length
compositions were used to reconstruct the agetateiof the hake population. In general,
biological samples taken by midwater trawls werstysbratified based on geographic proximity
and similarity in size composition. Estimates ofmters (or biomass) of hake at length (or age)
for individual cells were summed for each transeaterive a coast-wide estimate. Details of
this procedure can be found in Fleischer et al0%20 Each sample was given equal weight
without regard to the total catch weight. The cosife length frequency was used to
characterize the hake size distribution along ¢wisect and predict the expected
backscattering cross section for Pacific hake basetthe fish size-target strength (TS)
relationship T = 20logL-68 (Traynor 1996). New target strengtirk (Henderson and
Horne 2007), based on in-situ and ex-situ measurensuggests a regression intercept of 4-6
dB lower than that of Traynor. A lower interceptthe TS-to-length regression suggests that an
individual hake reflects 2.5-4 times less acoustiergy, implying considerably more biomass
than that of Traynor's equation. Both estimatethefT S-to-length regression use night time in-
situ measurements. Hake may have different behah@racteristics at night than during the
daytime when the acoustic survey is conducted. bitvmass estimates continue to be based on
Traynor's TS-to-length regression, which has besel tnistorically to interpret the acoustic
survey data. Additionah situ measurements on hake TS need to be collettedg daytime,
and the depth dependence of the hake TS needsnedstigated. The uncertainty in the TS
regression is not accounted for in the survey bgsmancertainty estimates.

Acoustic survey sampling information including tember of hauls, lengths taken, and
hake aged are provided in Tables 9 and 10. Th& a00ustic survey size composition shows a
dominant peak at 48 cm indicating the persiste¢leen1999 year class in the population, and a
secondary peak around 33 cm suggests the potehtalabove-average 2005 year class
(Figures 12-13). Age compositions shown in Figl4el5 confirm the presence of the strong
1999 year class and potentially a moderate to gte®@5 year class. Size and age compositions
from the previous acoustic surveys also confirmdbminant 1980 and 1984 year classes
present in the mid-1980s to early 1990s. Condifiage-at-length proportions are shown in
Figure 16.

Based on the acoustic survey index, while not aeting for selectivity or year-to-year
variability in surveyy, Pacific hake biomass declined by 31% betweed3 2d 2005, and
51% between 2003 and 2007 (from 1.84 to 1.27 t8 thillion mt, Table 11). In general,
acoustic survey indices of biomass indicate thattike population has varied with little trend
over the three decades of the survey. Estimatearability have been calculated since the
2003 survey based on the Jolly-Hampton estima@8qLwith CVs on the order of 25%. This
takes spatial variability of the acoustic backsratito account but leaves other sources of
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observation error, including sampling variabiliba(l to haul variation in size/age) and target
strength unaccounted for. Error bars shown arqanak estimates of biomass are not estimated
but rather assumed based on reliability of theesyi a given year and are used as input in SS2
(CV=0.51977-1989, CV=0.25 1992-2005).

Assessment uncertainty continues to center oac¢hastic survey: primarily in terms of
the catchability coefficient], although the extent to which selectivity is dogteyped provides a
secondary area of uncertainty. Dome-shaped satgdmplies a greater proportion of older
hake in the population than observed in the sunRgasons for dome-shaped selectivity could
be due to a number of factors including net avaidary older hake and differential distribution
of older fish near the bottom or at deeper depfftss was investigated by comparing the
numbers at age in both the acoustic and bottonl saweys between 1977-2001, as data for
these two surveys overlapped spatially and temiyorélake catches (in number) from the
triennial bottom trawl survey were summed at eayd and assumed to be representative of the
underlying population age structure. These weea ttompared to the catch in numbers at age
taken from hauls in the acoustic survey. Resolgate empirical support for a dome-shaped
acoustic survey selectivity (Figure 17). A compani of the ratio of acoustic survey numbers at
age to the sum of the acoustic and triennial bottaml survey numbers at age (normalized to
have a peak of unity), indicate that only 2 outhaf nine years had asymptotic-like selectivity
patterns. The remaining nine years show curvesoeht at about ages 5-7, decline between 0.2-
0.9 at ages 11-13, and further decline between-&J. At ages 14-15+. For ages 14-15+, the
mean is about 0.5 (when normalized) for all yedrse weight of evidence suggests dome-
shaped selectivity, although the results are nbnitige, as the shape of the selectivity curve for
the triennial survey is not precisely known.

The acoustic survey catchability coefficieqthas historically been quite uncertain. This
parameter globally scales population biomass hidleeis lower and lower ifj is higher, and
thus uncertainty i reflects the uncertainty in the absolute scaldhethake population. Early
assessments that used the acoustic survey in agedsed assessments (Dorn et al. 1999)
asserted=1.0 and treated the parameter as a fixed qudinitfiact ABCs and OYs until 2003
were predicated upon that assumption). Helselk €2@04) conducted a likelihood profile over
the value ofj as well as estimated it freely in the model, anchtbvalues of in the range of
0.38 to 0.6depending on model structure. In general, thefitdstthe data is achieved whegn
is estimated to be low; however, allowiqg for an acoustic survey to be substantially lower
than 1.0 (whether through estimation or specifwgthas been met with some resistance. The
2004-2007 assessments presented two models wighigfq's in order to bracket the range of
uncertainty in the acoustic survey catchabilityfGoent, g. In 2008, an attempt was made to
integrate out the uncertainty gnwhile incorporating uncertainty in the shape @& #toustic
survey selectivity curve. In the current assesspeesingle value fog is assumed, with the
uncertainty in the assessment focused on the defreeruitment variabilitydq;), coupled with
more flexible time-varying fishery selectivity
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Adging Error

With the transfer of Pacific hake ageing to thetNwest Fisheries Science Center in
2001, an effort was made to evaluate age readeeammt and calibrate readers at the
Cooperative Aging Project (CAP, Northwest FisheBegence Center, NWFSC) and Department
of Fisheries and Oceans (DFO). A total of 991 dgws otoliths collected between 2001-2007
were compared between the Cooperative Aging Pr@ia&P, Northwest Fisheries Science
Center, NWFSC) and Department of Fisheries and @c@aFO) or read more than once by one
lab. As expected, agreement was greater for yoursjethan for older fish. This exchange was
used to estimate the ageing imprecision matrixia@ph the 2008 assessment. AFSC ageing
prior to 2001 relied on similar protocols, but rbbg20% of the otoliths that were difficult to
read were ‘reconciled’, or read by multiple readsmrd discussed before final age determination
was assigned. Because no comparisons between af@@ore recent ageing, nor duplicate
reconciled ages from the AFSC were available in82@e level of ageing imprecision for that
lab was assigned 50% of the imprecision estimaie@AP and the topic flagged for further
investigation.

Subsequent to the 2008 assessment, 1,773 agatestivvere compared between the
CAP and AFSC for otoliths collected throughout tinge-series but prior to 2001. These
estimates allowed estimation of the degree of agenprecision for the AFSC reconciled ages.
Ageing imprecision was quantified for use in thecktassessment model according to the
maximum likelihood method of Punt et al. (2008)was done in the 2008 assessment. This
method estimates bias and precision of the obsexgedrom the "true" age, assuming an
unbiased sample in the observed data. There wsuéficient samples to estimate bias;
however, precision was estimated and quantifietth@standard deviation of observed age from
true age. Figure 18 shows the relationship for@as(those used in the 2008 assessment and
new double-reads) from (CAP + DFO) which was agpteethe model for 2001-2007. A similar
relationship was estimated, with similar results,ihdividual age reads by AFSC, based on the
new sample of historically aged otoliths re-readd®P (Figure 18). New information this year
resulted in a change to the basic ageing-errorixnaged for age compositions prior to 2000
(during the AFSC ageing era). Values of imprecisabage estimated directly were found to be
of similar magnitude to those from the CAP, andssaiitially larger then the 50% values used in
the 2008 assessment.

With a much larger available data set, the curassessment includes an additional
process influencing the ageing of hake: cohorti§igeageing error related to the relative
strength of a year-class. This process reflectmdancy for uncertain age determinations to be
assigned to predominant year classes. The resaleisdency towards reduced mis-ageing of
strong year classes, and perhaps increased misgagiemeighbor year-classes. To account for
this process in the model, we simply created ypacific ageing-error matrices (or vectors of
standard deviations), where the standard deviabbegong year classes were reduced by a
constant proportion. In the current assessmerst pitmportion was determined empirically by
comparing double read error rates for strong ykesses with rates for other year classes (Figure
19). The result suggested that strong year clasdgdad 55% the standard deviation in ageing
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as other year classes (Figure 20). In each yeatrptioportion (0.55) was applied to the standard
ageing error vectors for the strong year classeages 3-15. For relatively strong but not
dominant year classes, a proportion of 0.80 waiexpp

Pre-recruit surveys

NOAA'’s Southwest Fisheries Science Center (SWH&S)conducted an annual survey
since 1983 to estimate the relative abundancelagjoguvenile rockfish off central California
coast (36.50°-38.33° N.). The survey was design@deasure the annual relative abundance of
pelagic juvenile rockfishesSébastes spp.), but also captures YOY Pacific hake (Sakuhz. e
2006). Standardized 15 minute midwater trawls whithheadrope set at a depth of 30 m were
conducted at a series of standard stations with a¥@ mesh liner. The survey was expanded
substantially in 2004 to cover a much larger spatiea (i.e., from San Diego to Point Delgada:
32.75°-40.00° N.). Since 1999, the NWFSC and Raéthiting Conservation Cooperative
(PWCC), in coordination with the SWFSC Rockfishvayr have conducted an expanded survey
to improve targeting of juvenile hake and rockfisSthe NWFSC-PWCC pre-recruit survey uses
a midwater trawl with an 86' headrope and %2" codeitidl a 1/4” liner to obtain samples of
juvenile hake and rockfish (identical to that ugethe SWFSC Juvenile Rockfish Survey).
Trawling was done at night with the head rope atn3& a speed of 2.7 kt. Some trawls were
made before dusk to compare day/night differencesiich. Trawl tows of 15 minutes duration
at target depth were conducted along transect8 abBintervals along the coast. Stations were
located along each transect, at bottom depths,af@®D 200, 300, and 500 m. Since 2001, side-
by-side comparisons were made between the vessadisfor the NWFSC-PWCC and SWFSC
survey

In 2008 a Delta-GLM was applied to catch data flmyth the SWFSC and PWCC-
NWFSC midwater trawl data. The Delta-GLM approach type of mixture distribution
analysis which models zero and non-zero informdtiom catch data separately (Pennington
1983, Stefansson 1996). However, during tunindnefmodel, the resultant time series was
essentially tuned out of the assessment model.yHaiswe chose to use an ANOVA as
recommended by Ralston (2007). The ANOVA accoumtshe year x latitude interaction, as
well as depth, vessel (or survey), and period &fekhe delta-GLM used last year accounted for
year, depth, and latitude x survey.

The survey effect in both models accounts for pdedifferences between the NWFSC-
PWCC survey and SWFSC survey catch data whilestitedinal effect attempts to capture
changes in relative abundance of young-of-year hétkgarticular, between 2001 and 2004,
peak relative abundance shifted from approximad8lyo 42 degrees latitude.

Trends in the coast-wide index and associated i@%#vals are shown in Figure 21 and
Table 12. While the coast-wide index does incl8i¢FSC data, the trends in hake recruitment
between the coast-wide and SWFSC index are compdaithe years of overlap, from 2001 to
2006. Specifically, both indices show large valure2004 compared to the surrounding years,
followed by very low values in 2005 through 2008his is in stark contrast to the fishery and
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survey data which suggest a strong 2005 year alads weak 2004 year class. Given the
brevity of the coast-wide time series it is difficto judge how the magnitude of the values taken
from 2001 to 2008 compare on a historical basistalls of the data used for this analysis are
given in Table 11b.

Biological Parameters
Growth

There is considerable variability in length-at-algéa among the 12 acoustic surveys
conducted since 1977. The processes governingtiaariin observed length-at-age may include
changes in size-selectivity over time, effectstunpopulation due to size-selective fishing, and
variation in growth rates over time. In order ¥plere this latter effect within a stock synthesis
framework, alternative growth models were fit dgrthe 2006 assessment to the length-at-age
data collected in the acoustic surveys through 2@$suming size-selectivity in the acoustic
surveys has been constant over time). The firdtede models was a simple time-varying
growth model, where the growth coefficieKi) (vas allowed to vary over time. This assumed
that all extant cohorts are subject to the same tiarying changes in metabolic rates
(presumably associated with changes in availatldd)foTwo other growth models assumed that
growth is density-dependent within cohort. In eeond model, asymptotic size (and thus
overall growth rate) was cohort specific. In thedlhmodel,K was cohort specific. Of the three
alternative growth models, the model with cohomesfic L,, (asymptotic size) values explained
more of the variation in the length-age data themntime varying< model and cohok model
(Figure 22). In particular, cohort-baskedbegins relatively high (> 55 cm) prior to 1980 and
then appears to decline rapidly as the very laBg®land 1984 year class grow. Expected size
at age, based on the cohort basggarameter, is above the expected size for the atbdels in
the 1977, 1980, and 1983 survey data. Likewiskotdased declines rapidly between the
mid 1970s and mid 1980s. These cohort-based mdatkefsot assume any cumulative affects of
size-selective fisheries.

A similar exploratory growth analysis was conduabedother sources of age data
including the acoustic survey (1977-2007), AFS€rmial bottom trawl survey (1977-2003),
and the U.S. at sea hake fishery (1973-2006).attiqular, a hierarchical von Bertalanffy
growth model was fit separately to each data souvbe&ch treated cohort as a random linear
effect with the growth coefficientt,, andK. The scale parametés, was estimated as the
mean fixed effect. Markov Chain Monte Carlo sintiaia in WinBUGs (Bayesian inference
Using Gibbs Sampling, Thomas et al. 1992; Spiedielhat al. 1999) was used to estimate the
marginal posterior density of the cohort spedificandK parameters, which were plotted
sequentially by cohort (Figure 23). The resultssirate striking consistency in the changé.in
andK parameters over time (by cohort) from each datacgoand confirm the observations
described above. In the current assessment wemgpit time varying and asymptotic size,
but allow each to assume only two or three distwadties across the timeframe of the model to
match the observed changes. In order to stabilzgeting of growth, size at age 2 is constant
throughout.
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A final analysis was conducted, using the sameaht@ical model, to investigate
differences in sex-specific growth of hake. A p¥dthe bivariate posterior density of 1,000
MCMC samples of., andk reveal that female hake grow to a significantlg&arasymptotic
size () but at a slower rat& {§ than males (Figure 24). While the present mddek not
model hake by sex, it is expected that the nexdsassent (in 2010) will be based upon a
separate-sex model that will be able to accoundiféerential fishery selectivity by sex. To
properly represent the cumulative effects of sletive fisheries in this approach, the cohort-
based growth model should be integrated into teesasnent model itself. This would provide a
fruitful area of research for improving SS. Sitleis feature is not currently implemented in SS,
blocks were created aggregating various years inhwhwas anticipated the cohort affects on
growth would be manifested (Sktdel Selection and Evaluation below).

Maturity

The fraction mature by size was estimated using flam Dorn and Saunders (1997)
with a logistic regression. These data consistet8a individual ovary collections based on
visual maturity determinations by observers. Tighdst variability in the percentage of each
length bin that was mature within an age group oecuat ages 3 and 4, with virtually all age-
one fish immature and age 4+ hake mature. Wdbes 3 and 4, the proportion of mature hake
increased with larger sizes such that only 25% weature at 31 cm while 100% were mature at
41 cm. Maturity in hake probably varies both dsrection of length and age, however, for the
purposes of SS, the logistic regression modelfivas a function of length. Maturity
proportions by length are shown in Figure 25. Ltbes 10% of the fish smaller than 32 cm are
mature, while 100% maturity is achieved by 45 cm.

Natural mortality

The natural mortality currently used for Pacifake stock assessment and population
modeling is 0.23 per year to age 13, with estimateckases in M at age 14 and 15+. The value
of 0.23 was obtained by tracking the decline inrelauince of a year class from one acoustic
survey to the next (Dorn et. al 1994). Pacificdnldngevity data, natural mortality rates
reported for Merluciids in general, and previoysiplished estimates for Pacific hake natural
mortality indicate that natural morality rates i@ trange 0.20-0.30 could be considered plausible
for Pacific hake (Dorn 1996). In the 2008 assesgnvee also considered Hoenig's (1983)
method for estimating natural mortality (M), assngna maximum age of 22 (attributing a single
observation at age 25 to ageing error or anomahg,relationship between maximum age and
M was recalculated using data available in Hoeh82) and assuming a log-log relationship
(Hoenig, 1983), while forcing the exponent on maxmmage to be -1. The recalculation was
done so that uncertainty about the relationshipdcba evaluated, and the exponent was forced
to be -1 because theoretically, given any propodicurvival, the age at which that proportion is
reached is inversely related to M (when free, tkimaent is estimated to be -1.03). The median
value of M via this method was 0.193. Two measofasicertainty about the regression at the
point estimate were calculated. The standard emdoich one would use assuming that all error
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about the regression is due to observation errat (@ bias occurred) and the standard
deviation, which one would use assuming that thieatran about the regression line was entirely
due to actual variation in the relationship (andoras occurred). The truth is undoubtedly
somewhere in between these two extremes (the efduias not withstanding). The value of the
standard error in log space was 0.094, translatirrgstandard error in normal space of about
0.02. The value of the standard deviation in logcsgpwvas 0.571, translating to a standard
deviation in normal space of about 0.1. Thus Hoemigethod suggests that a prior distribution
for M with mean of 0.193 and standard deviatiowenn 0.02 and 0.1 would be appropriate if it
were possible to accurately estimate M from the,dat other parameters and priors were
correctly specified, and all correlation structwas accounted for (note that SS2 does not
currently allow for priors in log-normal space)héelfixed value of M (through age 13) which is
used in the current model (0.23) is about two saesh@rrors from Hoenig’s point estimate
(0.193).

Response to 2008 STAR Recommendations

1. The Panel recommends that a Management Strategy Evaluation approach be used to evaluate
whether the current 40-10 harvest control ruleis sufficient to produce the management advice
necessary to ensure the sustainable use of the Pacific hake stock with its dramatically episodic
recruitment. The 40-10 rule assumes that simply reducing catchesin a linear fashion as stock
biomass declines will be sufficient to guide the 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.

Although the STAT agrees with this recommendatdure to changes in assessment duties and
the ongoing incomplete treaty agreement this exteranalysis will be best addressed by a joint
U.S.-Canadian STAT under the treaty terms of reieze

2. Related to Recommendation 1, the operating model developed for the Management Strategy

Evaluation should evaluate how well the different assessment models recapture true population
dynamics. At issue is whether a ssimpler model such as ADAPT / VPA performs better or worse
than a more complex model such as SX2.

As above.

3. Female Pacific hake grow differently than male Pacific hake and many of the more

influential dynamic processes that operate in the fishery are length-based but are currently
considered from an age-based per spective (for example selectivity). The Panel recommends that
future assessment models explore the need for including both gender- and length-based selection
into the dynamics.

This goal was beyond the scope of available regsuiar the 2009 assessment.
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4. The inclusion of ageing error was found to be influential on the modél fit in the SS2 model.
However, issues with ageing still remain. Further ageing error analyses are required, especially
focused on estimating any biasin the ageing. It will be important to conduct a cross-validation
of ageing error from the different laboratories conducting the ageing. It is especially important
to include otoliths that were read by AFSC staff.

Much progress was made on this topic in 2008, geag error section of document.

5. In light of current acoustic survey information, re-evaluate treatment / adjustment of pre-

1995 acoustic survey data and index values. For example, compare the biomass index implied by
the area covered by the pre-1995 surveys with the total biomass from the full area covered by the
post-1995 surveys. The difference between these two indices has implications for the magnitude
of the survey catchability coefficient prior to 1995.

Acquisition of historical survey data and re-anayaf these data with regard to sampling design
and variance estimates, the target strength rakdttip, and selection of trawl sets is ongoing and
much new information is expected to be availabtetie 2010 assessment. Specifically, the
following efforts are ongoing by the Acoustics TealNWFSC:
1. In situ hake daytime target strength (TS) datkection using Drop Acoustic Information
SYstem (DAISY). Preliminary analysis indicated ttia in situ hake daytime TS data
followed the regression formula (38 kHz) originaslyggested by Traynor (1992) better than
that suggested by Henderson and Horne (2007). Henvese feel that more work is needed to
make a definitive conclusion on what is the mogtrapriate regression formula to use for
hake biomass estimate.
2. With the help from colleagues at the AFSC, weehaistorical acoustic data in digital form
and are capable of applying the TS formula we Heeen used for the recent hake surveys
(Traynor, 1992) to the data that used old TS foen{uB5 dB per kilogram). Although we are
not able to provide the re-processed historicaeHa&mass estimates for this years STAR
panel, we should be able to provide alternativeohisal hake biomass estimates for the 2010
assessment.
3. It is also expected that by next year we shbeldble to provide the variance analysis for
hake biomass estimates using Objective Mappingitqak (Kriging) for both historical and
recent hake acoustic data.

6. There should be further exploration of geographical variationsin fish densities and
relationships with average age and the different fisheries, possibly by including spatial-structure
into future assessment models.

This goal was beyond the scope of available regsuiar the 2009 assessment.

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

This goal was beyond the scope of available regsuiar the 2009 assessment.
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8. There should be further investigation and resolution of possible under-reporting of foreign
catch.

No progress was made on this recommendation in.2008
Model Description

This assessment used the Stock Synthesis modedimgWwork written by Dr. Richard
Methot at the NWFSC. The Stock Synthesis applicgpimvides a general framework for
modeling fish stocks that permits the complexitypopulation dynamics to vary in response to
the quantity and quality of available data. In tuerent assessment model, the Pacific hake
population is assumed to be a single coast-widkstlong the Pacific coast of the United States
and Canada. Sexes are combined within all dataesuincluding fishery and survey size/age
compositions, as well as in the model structuree accumulator age for the internal dynamics
of the population is set at 15 years, well beydredexpectation of asymptotic growth. The
length structure is explicitly modeled in one craraments between 9 cm (the minus group) and
70 cm (the plus group) in the population, howewerdata are aggregated at a minimum value of
20 cm. The modeled period includes the years PO (last year of available data), with
forecasts extending to 2011. The population wasgrasd to be in equilibrium with no fishing
mortality prior to the first year of the model. Thavere no large-scale commercial fisheries for
hake until the arrival of foreign fleets in the madlate 1960s, however the exact level of hake
removals prior to 1966 (the first catches includethe assessment) is unknown.

The model structure, including parameter specificat bounds and prior distributions
(where applicable) is summarized Table 13. Thessssent model includes two national
fisheries: the U.S. and Canadian trawl fisheri@éhough the U.S. at-sea and shore-based
fisheries, as well as the Canadian JV and domfestieries could be modeled separately for
reasons mentioned above, there was insufficierd torexplore this topic for the current
assessment. Therefore, in this assessment (&dgbaslone in all recent assessments) sectors
within each nation’s fleets were combined; estidaelectivity changes over time will therefore
reflect changes in the distribution of catch amsegtors as well as fishing behavior within
sectors. The selectivity curves for the acoustigesyiand the U.S. and Canadian fisheries were
modeled as functions of age using the double nofumakion (option 20 in SS). This is a change
from the 2008 model which used the double logistimulation for the fisheries; the double
normal parameterization has the same number ofeesis and has been found to be more
stable over a range of assessment applications.g&rwest coast groundfish. Selectivity curves
for all fleets are allowed to be dome-shaped (gea@vious assessments) and fishery selectivity
curves were allowed to vary over time to accountémporal changes in fishery operations
(distant water fleets, domestic fleets, etc.) alb ageshifts in selectivity as the fishery focused
exploitation on abundant cohorts.

Growth is modeled as a von Bertalanffy functiothis assessment. Although model
misspecification is present due to sexually dimargowth patterns (Figure 24), there was
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insufficient time to develop a sex-specific mod@hhulation for 2009. External analyses
conducted as part of recent assessments (2006), 280wWell as evaluation of model fits to
conditional age-at-length data has shown strongeene of changes in hake growth curves over
time. The 2008 model allowed the size at age tlae von Bertalanffik parameter to vary
among two discrete time blocks. Specifying timeanant growth has, and continues to result in,
a decline of several hundred units in the negatigdikelihood as well as marked degradation of
the model residual pattern over all data sourteshis assessment, we extend the block
structure used in 2008 to accommodate faster obdamowth for the 1999 year class. Two
blocks were used for the parameter defining lelagige 12, 1960-1983 and 1984-2008, which
allowed the model to account for the larger asyiiptsh size and the general prevalence of
larger fish observed during the early period. Raocks of years were used to partition the
growth parameter k: a common k-value was estimatethe periods 1960-1979 and 1987-1998,
with distinct k-values estimated for the period809986 and 1999-2008. The 1980-1986
period was intended to allow the model to accomnettee slightly smaller body size of age 4-6
year old fish during those years (Figure 23). Tloelks were constrained, via a relatively tight
prior distribution on the temporal change in grovgb that estimated values would be time-
invariant unless a strong signal was present ird#ta. Size at age 2 and the parameters
describing the distribution of length at each ageenfixed at values estimated directly from the
data. These choices improved the stability of gnogstimation while still allowing the model to
accommodate major patterns in growth. A more ritdracterization of growth will be possible
only with a split-sex formulation. The temporalustiure of hake growth in terms of the expected
Size at age is characterized as an early period 1860 to the early 1980s where expected
maximum size (i.e., length at age 12) is high nedatio the subsequent period from the mid
1980s to 2008, with a decline in growth rates,(smaller expected size at age for ages 4-6)
during the early-to-mid 1980s. In the most red#atk, 1999-2009, growth increases above
baseline rates but the expected maximum size agagito be lower.

In modeling temporal changes in fishery selectjwig employed the same approach
used in recent assessments and developed a btactust consistent with the empirical data,
but attempted to retain parsimony by allowing bkokly for those parameters and time periods
where they made an appreciable improvement in mfadebpecifically, the U.S. fishery was
allowed more flexibility, as it has been observedarget specific cohorts and have variable
access to the oldest fish in the population, wifiequently migrate the farthest north during the
fishing season. For the U.S. fishery, both th&k@eal ascending width parameters were allowed
to vary among 8 periods: 1960-1980, 1981-1984, 119988, 1989-1992, 1993-1996, 1997-2000,
2001-2004, and 2005-2008. Final selectivity wiasaged to vary among 3 periods: 1960-1983,
1984-2000, and 2001-2008. The Canadian fishergthaly was slightly less flexible than the
U.S. (as has been the case in recent assessnggreg)that targeting of large cohorts does not
occur until the fish are several years older. Theddian fishery ascending width parameter was
allowed to vary among 5 periods: 1960-1984, 1985819989-2000, 2001-2004 and 2005-
2008. The Canadian fishery peak parameter was aflda/vary among 7 periods: 1966-1980,
1981-1984, 1985-1988, 1989-1992, 1993-2000, 20@%201d 2005-2008.
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For the base model, the instantaneous rate ofatatwortality (M) is assumed to be time-
independent and equal to 0.23fpr ages 2-13, and then allowed to increase lipgara freely
estimated value at age 15+. The stock-recruitrardtion was a Beverton-Holt
parameterization, with the log of the mean unexgtbrecruitment freely estimated. This
assessment used a beta prior for stock-recrupiséss i) applied to previous assessments. This
prior is based on the median (0.79), 20th (0.6d)&0th (0.87) percentiles from Myers et al.
(1999) meta-analysis of the family Gadidae. Yeageffir recruitment deviations were estimated
from 1962-2007. This structure was based uporeictsin of year-specific standard deviations
relative to the estimated value®f The constraint and bias-correction standard dievigog,
for recruitment variability is estimated in thissassment. Maturity and fecundity relationships
are assumed to be time-invariant and fixed valaegm unchanged from recent assessments
(Figure 26).

Multinomial sample sizes for the length compositemd conditional age-at-length data
used in this assessment are based on the numbaulsfor trips sampled for the commercial at-
sea and shore-based fisheries, respectively, @umber of tows in the research surveys. Input
sample sizes were iterated by examining the relakip between effective sample size estimated
in the model and the observed input sample siZg@s. grocess was performed prior to final
model selection, but ratios of effective to inpaltrgle size remained close to, and slightly larger
than 1.0, indicating the final model was fitting tata about as well, or slightly better than the
input values implied. Because acoustic surveyhedtitity was fixed, the standard deviations for
the survey index were not iterated, although theSEMrom preliminary model runs was largely
consistent with the mean of the input standardatmns. The base case model employed equal
emphasis factors (lambdas=1.0) for all likelihoothponents.

Modeling Results

Model Transition

This assessment transitioned to the newest vea$iStock Synthesis (SS v.3.02b) and
therefore, a comparison was performed to evaluéfexehces in model results, if any, from the
last assessment (Helser et al. 2008) using SS20n2.The exact same model structure and data
through 2007 produced no visible change in timésef expected quantities, indicating all
changes in the 2009 results were to be a functioewly included data or changes to model
structure. The model using SS v.3 was then updaitddata from the 2008 U.S. fishery. Again,
the trend in spawning biomass and relative depletiere quite similar, except that unfished
spawning biomass was slightly lower. Model runs parmg the double normal selectivity curve
for the fishing fleets and the double logistic fomsed in the last assessment showed this to be a
minor change as well.

Major changes in scale observed in this assesswergtlargely a result of including the
improved ageing-imprecision matrix accounting fohaort effects and additional flexibility
allowed for time-varying fishery selectivity. Theeshanges resulted in large differences in
scaling, as major recruitment strengths were sobatly revised. Further change occurred
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when the modeled time period was extended to acamtate the historical California fishery
data.

Model selection and evaluation

Acoustic survey catchabilitygf has been viewed as the principal axis of uncegtamt
the hake assessment for a number of years. Thisecleflects that lack of clear signal for
catchability in the data sets currently availabléake and the situation where very small
changes in model fit and likelihood result in velmamatic changes in management advice (see
sensitivity analyses below) as a function of thameste or assumed value for

Extensive evaluation of fishery selectivity timeripe blocking structure was performed.
With simple time-period structures the model wasibto be very sensitive to the choice of
which parameters were allowed to vary over timewhdn the changes were allowed to occur.
A general pattern emerged over hundreds of moadl that the sensitivity to these choices was
reduced as more flexibility (in parameters and tpeeiods) was introduced. For this reason, the
blocking structure in this model is somewhat mamplex than in the last several assessment
models (however it is more similar to the approattbmoothed annual variations in selectivity
used in assessments prior to 2006).

Arbitrary constraint on the degree of recruitmeatiability was found to be especially
important to the scale of the problem when thesewiageing-imprecision matrix was applied.
For this reason, and after many model runs exgidhe stability of the parameter, it was
decided to freely estimatg. This allowed use of the value most consist wihhodel time
series of estimated recruitments. This choiceablstin a maximum likelihood framework only
when there is sufficient signal in the data to dvbie true global minima for the parameter, zero.
In the case of hake this is not a relevant con@sithe data clearly indicate the largest
variability in year-class strength observed for tnemst groundfish. Further, when Bayesian
integration is performed, this parameter can besickemed merely a hierarchical variance
parameter, the integration of which incorporateseutainty present in the data set.

Sensitivity to these major sources of uncertaistyeported below.

Assessment Model Results

The fit of the modeled time series to the acoustiwvey biomass index is shown in
Figure 29. Selectivity at age is estimated forlth®. and Canadian fisheries by time block
(Figures 30-31), for the Santa Barbara data byose@dSgure 32), and for the acoustic survey
(Figure 33).

Model fits to all length-composition data are shovianobserved and predicted length
frequency distributions, effective vs. input samglees (after tuning), and Pearson residual plots.
Figures are divided by fleet: the U.S. fishery (Fap 34-36), Canadian fishery (Figures 37-39)
and acoustic survey (Figures 40-42) and histof@adifornia fishery by quarter (Figures 43-46).
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In general, model predictions are consistent withdbserved length compositions in terms of
hitting the modes of the distribution and rangsiaés exploited.

The model fit the U.S. length composition datasogebly well throughout, though less
well between 1997 and 2001 when the hake biomasselatively small. Consistent patterns are
present in the residuals to this fit however, dresé are may be due to two (or more) factors:
selectivity specifications that assume a smootbcsigity function across age, when cohort
targeting is known to occur; and mis-specificatdrgrowth/sex-ratio as the assessment model is
single-sex, but significant dimorphic growth is kwoto occur. It will be important to re-
evaluate these patterns when growth is revisitédture assessments. The model also
underestimated the proportion of the most freqlesrgth classes from the 1999 year class in
2004-2007, perhaps due to its inability to modelghowth process for that cohort independently
from the surrounding cohorts. The historical Cahia data tended to fit poorly, as expected by
the low (and consistent) input and effective sansptes applied.

The model fit the Canadian fishery length compoaitiata very poorly in 2001-2002,
(check years). These two anomalous observatiors lien the source of considerable
discussion during past assessments and remaintargpnyshe model was also not able to
accommodate well the catches of smaller hake ib1I®¥®8. This suggests that hake spawned
in Canadian waters in 1994 and were exploited byGhnadian fleet as young fish. Benson et
al. (2002) confirm this pattern of spawning in Cdiaa waters. This pattern has not been
observed in the Canadian fishery during any otleeiog.

Predicted lengths for the acoustic survey were géseerally on the modes with the
observed size compositions. But in a number ofsy€E980, 1995, and 2005) the model was
unable to effectively reproduce the observed bi-ahsttucture (Figure 40). Comparison of
effective vs. input sample sizes suggest that thealfit these data as well as expected, given
the observed data and input sample sizes (Figyre B 1999 year class in 2007 is fully
selected and thus the model fits the modal straafithe size composition well. In contrast, the
2005 year class, evident as 31 cm fish in the 2005 compositions, is not fit particularly well
as these fish are not fully selected to the suraag,the model appears to be splitting the
difference in an attempt to fit both the 2003 af@2year classes.

Given the volume of conditional age-at-length dagang fit in this assessment, it is
efficient to evaluate these fits via the impliedtd the aggregated marginal age compositions. In
addition to being easier to inspect by eye, thésts pre more familiar for those accustomed to
diagnosing model fit from a variety of modeling fidams. For this reason, we plot the implied
marginal fits for each data source: the U.S. figl{eigure 47), Canadian fishery (Figures 48-50)
and acoustic survey (Figure 51).

The very large dominant cohorts present in the fitata all sources are tracked closely

by model predictions throughout. The ability of eesessment model to match the peak
observed age-frequency of the largest cohorts wlastantially improved in this assessment
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when compared to previous hake assessments. fAdmge is largely attributable to the
accommodation of the cohort ageing effect as desdrabove.

Sample sizes for all compositional data were iggt@uring early model fitting and the
results reported in table 14.

The 2009 assessment model fit to the acoustic gumeenass time series is quite
reasonable, given the variability assigned to gemht. The RMSE was only slightly larger than
the input SD (Table 14). During all survey yean® predicted biomasses are within asymptotic
95% confidence intervals, and recent residuals shmatrong pattern in sign.

The acoustic survey selectivity was estimated buastrained to be time invariant (Figure
33). Although shifted somewhat toward older figte turrent dominant cohort, 1999 is fully
selected. The selectivity patterns for both the. @dri8l Canadian fisheries appear reasonable,
tracking the entry of dominant cohorts in the [B®80s and especially the 1999 year class. U.S.
fishery selectivity increased for younger aged &stthe dominant 1980 and 1984 year classes
became vulnerable to exploitation during the |&880s and early 1990s. As these cohorts grew
into the older age structure and persisted inii@ble stock U.S. fishery selectivity increased
on the older ages, seen as an increase in themdidsgdimb. Canadian fishery selectivity curves
also show targeting of stronger cohorts througketithe most pronounced being the 1999 year
class which entered the fishery at a time of lowrall biomass.

Figures 52-58 show the base model output timedi@jes of total, 3+ biomass,
recruitment, numbers-at-age, spawning biomasgjveldepletion, relative spawning potential
ratio (SPR) and exploitation fraction (see tablgslé as well). Summary Pacific hake biomass
(age 3+) before the beginning of the model or fighi 1960) is estimated to be 2.9 million mt
(Table 15). Summary biomass decreased to 1.2omifht in 1972 due to poor recruitment in the
early 1960s and moderate fishing from 1966-197theh increased to over 8.8 million mt in
1983 as the very large 1977 and 1980 classes drtexgopulation (Figure 52, Table 15, 17).
The hake population then experienced a long periatcline to a low of 1.2 million mt in 2000
as fishing intensity increased and no large andrfederate recruitment events occurred
between 1985 and 1998. Age 3+ biomass more thallelb between 2001 and 2002 due to
recruitment of the 1999 year class, but has sulesgtyudeclined as that year class has declined
due to fishing and natural mortality.

The trend in spawning biomass is similar to thasstommary biomass (Figure 54, Table
15). Spawning biomass in 1960 ($§ is estimated to have been 1.37 million mt. Spagn
biomass declined rapidly after peaking in 1984 (dilion mt) to the lowest point in the time
series in 2000 (0.58 million mt), followed by addrincrease to 1.4 million mt in 2003. In 2009
(beginning of the year), spawning biomass is esgth& be the lowest in the time-series, 0.43
million mt, and is at 32% (~95% CI range from 15%886; Figure 55, Table 16) of the
unfished level. Approximate asymptotic intervat®at the MLE for spawning biomass and
recruitment for the entire times series are givemable 16.
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The estimated time series of hake recruitmentgjedisas recruitment uncertainty,
recruitment deviations from the S-R curve, and lyeastimates of variability are shown in
Figures 53 and 59-60. The model estimates an-éeiranant recruitment in 1980, dominant
recruitment events in 1977, 1984, and 1999, andngkxy recruitment events in 1970, 1973,
1987, 1990 and 2005. The 1999 year class wasrtgke snost dominant cohort since 1984. The
evidence for an above-average 2005 year claseseptin the 2007 and 2008 U.S. fishery
compositions, as well as the 2007 acoustic sureayposition, however its relative magnitude is
subject to greater uncertainty than estimatesddreg year classes, due to the limited
opportunities for observing it, and the reduced anckrtain selectivity on 2 and 3 year old hake.
Uncertainty in recruitment can be substantial asvshby asymptotic 95% confidence intervals
(Figure 54). Except for the actual magnitude d¢ihested recruitments, the patterns in
recruitment deviations and uncertainty are qualeédy the same under the base and alternative
models.

The estimate of spawning biomass for 2008 is hBkon mt, considerably lower than
the estimate of 1.10 million mt from the 2008 ass&nt, reflecting a downward revision in the
estimated absolute scale of the hake stock (FiglyeHowever, the estimated 2008 depletion
level of 32% is was not revised as much from th# &3timated by the 2008 assessment,
reflecting a downward revision of the unexploitegiéibrium conditions as well. These changes
in the scale of the problem are mainly a functibthe improved ageing imprecision matrices,
the additional flexibility allowed in time-varyiniishery selectivity, and the extension of
recruitment estimation back to 1962, all of whiekds to revised year-class strengths.

Model Uncertainty

Uncertainty is reported via asymptotic intervalstfte maximum likelihood estimates,
sensitivity and retrospective analyses. Furthantjtication of uncertainty is provided via
MCMC integration of the base case assessment nmdase in the decision table of forecast
projections under alternative management actidiimese methods still provide an underestimate
of the true uncertainty in stock size and refergmuats because they cannot accommodate
uncertainty in structural choices or the relativaghting of data sets in addition to other known
contributors to assessment uncertainty.

Refer ence points (biomass and exploitation rate)

Because of temporal changes in growth, there avaypes of reference points reported
in this assessment: those based on the assumelhpapparameters at the beginning of the
modeled time period and those based on the mastréme period in a ‘forward projection’
mode of calculation. All strictly biological refaree points (e.g., unexploited spawning biomass)
are calculated based on the unexploited condiatise start of the model, whereas
management quantities (MSY, @& etc.) are based on the current growth and mugturit
schedules and are marked throughout this documiémew asterisk (*).

Given the current life history parameters and Itergh exploitation patterns, the fishing
mortality that reduces the spawning potential efstock to 40% of the unfished level is referred
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to as F40%, which is the default Pacific Fisherynsigement Council proxy fonfsy for Pacific
hake. Similarly, the proxy for\gy is represented by the spawning biomass correspgmnalin
40% of the unfished stock size (B40%). Unexploggdilibrium Pacific hake spawning
biomass 8.,) from the base model was estimated to be 1.37amitht (~ 95% confidence
interval: 1.22 - 1.51 million mt), with a mean exped recruitment of 1.99 billion age-0 hake (~
95% confidence interval: 1.80 - 2.21). Associatehagement reference points for target and
critical biomass levels for the base model base8Big., proxy are 0.55 million mt (B40%) and
0.34 million mt (B25%), respectively. MSY is estited to be 287,805* mt, produced by a
female spawning biomass of 296,241* mt, and rafigahe high value (0.88) estimated for
steepness of the stock-recruit curve. The equiltbiffysy.proxy harvest rate (F40%) yield under
the base model was estimated to be 270,563* mtrooguat a spawning biomass of 466,466*
mt. The biomass-based targ8B4ny,) equilibrium yield is estimated to be 254,359* mt,
occurring at a spawning biomass of 546,335* mtigieerrent life-history parameters.

The full exploitation history under the base andralative models is portrayed
graphically in Figure 58, which shows for each y@&66-2008) the calculated spawning
potential ratio (1-SPR) and spawning biomass |@Bglelative to their corresponding targets,
F40% and B40%, respectively. As indicated in FegbiY, the estimated relative spawning
potential ratio for Pacific hake has been belowt#nget/limit value for all of the assessed years,
but is now very close to this level (95%). Thereat spawning biomass is estimated to have
dropped below th&By, reference target in 2009 as the 1999 year-cladsdsc

Harvest projections

Forecasts are generated applying the 40:10 caniewbnd coast-wide catch allocation of
73.88% and 26.12% to the U.S. and Canada, respictovmaximum likelihood results (Table
18). Stock biomass is projected to decline underctirrent harvest control rule as the 1999 year
class declines and the smaller 2005 year clasagepit. Extremely wide confidence intervals
for forecast quantities reflect uncertainty in mgcand future year-class strengths as well as
current biomass levels.

Alternative management actions are presented acidn table based on MCMC
integration of the posterior distribution for modgiantities. Preliminary MCMC chains run on
the base case model identified during the STAR Ipdeatified a single selectivity parameter
(the ascending width of U.S. fishery selectivityl®89-1992) that was not being reliably
estimated, due to a very small selectivity pealapeater estimate (making the ascending width
irrelevant to the model fit). The ascending wigdrameter was therefore fixed at a reasonable
value (this would have been done at the STAR paaelthe behavior been identified) which
resulted in no change to the MLE anywhere neasitp@ficant digits reported throughout this
analysis. The final MCMC chain was run for 10,@00) iterations and the first 1,000,000 were
removed to eliminate ‘burn-in’ effects of initiaboditions. Every 9,000subsequent value was
retained from the remaining iterations, resultind®00 samples from the posterior distributions
for model parameters and derived quantities.
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Stationarity of the posterior distribution for mbgarameters and quantities of interest
was assessed via a suite of standard diagnodisc &l derived time-series quantities, including
spawning biomass, recruitment, depletion and re®BiPR had maximum autocorrelation at lag-
1 values < 9%, and correlation-corrected effecsimple sizes ranged from 705-1000,
indicating that Monte-Carlo error in posterior & estimates should be minimal. Neither the
Geweke nor the Hiedelberger and Welch statisticsléoived quantities exceeded critical values
more frequently than expected via random chande objective function, as well as growth,
mortality, stock-recruit (including recruitment datrons) and catchability parameters all had
maximum autocorrelation at lag-1 values < 7%, amdetation-corrected effective sample sizes
ranged from 844-1000. Neither the Geweke nor tleslelberger and Welch statistics for these
parameters exceeded critical values more frequémdly expected via random chance (Figure
62). Selectivity parameters showed mixed resuliy &/parameters (3quarter historical
California ascending width, U.S. peak fishery selgty in 2001 and U.S. ascending width of
fishery selectivity in 2001) exhibiting autocorrite > 8% (37%, 59%, 73%) and
correspondingly low correlation-corrected effectbaample sizes (Figure 63). Trace plots of
thinned samples from the posterior revealed thegdo MCMC chains with additional thinning
would correct these issues (Figure 64). This bielnay attributable to: 1) the very small
likelihood contribution of ther%quarter historical California data making the paeter largely
uncorrelated with all other model quantities, 2 tigh degree of correlation between the
ascending limb and peak value for U.S. fisheryaeligy during the 2001 block, when either
parameter could be sufficient to represent stranggeting of very young fish. In lieu of a longer
MCMC chain, subsets of the existing chain were @atald to explore the effect of these three
parameters on management results; this exercisalezl/no substantive change to model results
at the level of significant digits reported throogh

Time-series plots of the posterior distributionsflamale spawning biomass, age-0
recruitment, relative depletion and relative SP&sdrown in Figures 65-68. Interval widths are
generally quite similar to those based on the MBkigs, although there is no imposed
constraint on symmetry and so quantities like fensplawning biomass tend to have a larger
upper interval than lower. The median of the pastefistribution for current (2009) reference
points is slightly more pessimistic than the MLEwes; the median value of the 2009 relative
depletion is 29%, compared to 32% from the MLE e H95% credibility interval for current
depletion, 18-46%, is also quite close to the amrice interval based on the Hessian matrix of
15%-49%. Table 19 presents 3-year stochastic grojecusing the MLE-based OY catch-
stream (40:10 correction applied to the $Rf-o0.sharvest rate accounting for the U.S. to
Canadian catch allocation, 73.88%/26.12%) and ugppe lower catch streams representing the
upper and lower quartiles of depletion from theeba®del along with arbitrary constant catch
levels of 50,000 to 200,000 mt, as well as 2008rckvel from the 40-10 rule applied to the
median MCMC results and the level that would bk nisutral with respect to being below 25%
B.eroat the beginning of 2010. The results of the MCptSterior sample were combined with
the 2009-2011 catch streams and results summagpdsterior intervals of spawning biomass,
relative depletion, and relative spawning potermaéib, 1-SPR/1-SPRget=0.4 Where values
greater than 1.0 denote overfishing. Spawning besthas a 50% chance of decreasing slightly
over the next three years if coast-wide catchesarghly 100,000 per year or more. When the
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projected OY is removed, forecasted spawning bigrhas a 50% chance of declining from 0.40
million mt in 2009 to 0.32 million mt in 2011. Thcorresponds to spawning depletion
declining, with a 50% probability, to 23%, just belthe 25% minimum spawning biomass
threshold relative to unfished conditions. The 5@%bability of achieving values for relative
spawning potential ratio very close to 1.0 reflbett the posterior interval for spawning biomass
is slightly more pessimistic than the MLE estimaitewhich the OY is based.

Sensitivity and retr ospective analyses

A number of sensitivity analyses and likelihoodfpes were conducted to test the effect of
select assumptions on the model results. Two akth&urvey catchability and natural mortality
as well as retrospective analyses (within and ana®sgssments) are presented below.

The current biomass estimates were found to bemely sensitive to the value estimated
for survey catchability (0.85) when compared witlermate values (0.4 and 1.0; Figure 69).
There was very little information in the availaligta to inform the estimation gfover a range
of reasonable values (Figure 70). However, thezesary large management ramifications
among those values (Figure 71). By estimatingpirameter, and integrating over it during
MCMC, this source of uncertainty is captured in thedel results, however, given the relatively
flat likelihood surface it should not be surprisifithe estimated value is substantially updated in
future assessments as model structure changeb@addustic survey time-series becomes
longer.

The profile over M (through age 13) shows a flketlihood surface betwedvi = 0.17
andM = 0.26, with less than a 6-point change in loglitkood over that range (Figure 72). For
that range, estimates of current spawning biomasger from 0.28 to 0.56 million mt, depletion
estimates range from 0.25 to 0.34, and estimatgsarige from 1.06 to 0.73. Expansion of the
range of M up to 0.27 results in a change of neHdly points in log-likelihood. When (early) M
is estimated freely in the current assessment madminverges to 0.200. When using the tighter
or wider prior described abowvl converges to 0.197 and 0.200, respectively.

The retrospective analysis was conducted by sysiesiig removing the terminal years’
data sequentially for eight years. Results of élmalysis do not show consistent trends in the
estimate of 2009 spawning stock biomass (FigurealBjough the current model estimate is
among the lowest. As has been observed in predsssssments, the strength of the 1999 year
class appears somewhat revised downward throughliinsequentially adding new data and
this has an appreciable effect on spawning bioresissiates for recent years.

A comparison of the models put forward for managamsence 1995 clearly shows that there
has been considerable uncertainty in the Pacike lséock biomass and status (Figure 74).
Model-to-model variability (especially in the eapgrtion of the time-series) is larger than the
uncertainty reported in any single model, and plaigern does not appear to dampen as
subsequent assessments are developed.
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Table 1. Annual catches of Pacific hake (1000simt).S. and Canadian waters by foreign, joint
venture (JV), and domestic at-sea, shore-basettridatifisheries, 1966-2008.
u.S Canada
Shore- Total Total

Year Foreign JV At-sea based Tribal U.S. Foreign JV  DomesticCanada Total

1966 137.00 0.00 000 000 0.00 137.00 0.70 0.00 000. 0.70 137.70
1967 168.70 0.00 0.00 896 0.00 177.66 36.71 0.00 .000 36.71 214.38
1968 60.66 0.00 000 0.16 000 6082 61.36 000 00.0 61.36 122.18
1969 86.19 0.00 000 009 000 8628 9385 000 00.0 93.85 180.13
1970 159,51 0.00 0.00 0.07 0.00 15958 75.01 0.00 .000 75.01 23458
1971 12649 000 0.00 143 0.00 12791 26.70 0.00 .000 26.70 154.61
1972 7409 0.00 000 004 000 7413 4341 000 00.0 4341 11755
1973 14744 000 0.00 0.07 0.00 14751 1513 0.00 .000 1513 162.64
1974 19411 000 0.00 0.00 0.00 19411 17.15 0.00 .000 17.15 211.26
1975 205.65 0.00 0.00 0.00 0.00 20566 1570 0.00 .000 1570 221.36
1976 231.33 000 0.00 0.22 0.00 23155 597 0.00 000. 597 237.52
1977 127.01 000 0.00 0.49 0.00 12750 519 0.00 000. 519 132.69
1978 96.83 0.86 000 069 000 9837 345 181 0.00 5.27  103.64
1979 11491 883 0.00 0.94 0.00 12468 7.90 423 300. 12.44 137.12
1980 44.02 2754 0.00 0.79 0.00 7235 527 1221 100. 17.58 89.94
1981 70.37 4356 0.00 0.84 0.00 11476 3.92 17.16.283 2436 139.12
1982 7.09 67.46 000 102 000 7558 1248 19.68 000. 32.16 107.73
1983 0.00 7210 000 105 0.00 73.15 13.12 27.66 000. 40.77 113.92
1984 1472 78.89 0.00 272 0.00 96.33 1320 28.91.000 4211 138.44
1985 49.85 31.69 0.00 3.89 0.00 8544 1053 13.24.191 2496 110.40
1986 69.86 81.64 0.00 3.46 0.00 154.96 23.74 30.14.77 55.65 210.62
1987 49.66 106.00 0.00 480 0.00 160.45 21.45 48.08.17 73.70 234.15
1988 18.04 135.78 0.00 6.88 0.00 160.70 38.08 49.24.83 88.16 248.86
1989 0.00 203.58 0.00 7.42 0.00 211.00 29.75 62.62.56 94.93 305.93
1990 0.00 17097 471 812 0.00 18380 3.81 68.31.024 76.15 259.95
1991  0.00 0.00 19691 20.60 0.00 217.51 561 68.136.18 89.92 307.42
1992  0.00 0.00 15245 56.13 0.00 208.58 0.00 68.720.05 88.83 297.40
1993  0.00 0.00 99.10 4212 0.00 14122 0.00 46.422.361 58.78 200.00
1994  0.00 0.00 179.07 7366 0.00 252,73 0.00 85.1@3.78 108.94 361.67
1995  0.00 0.00 10262 7497 0.00 17759 0.00 26.126.19 72.38 249.97
1996  0.00 0.00 112,78 85.13 15.00 21290 0.00 66.726.40 93.17 306.08
1997  0.00 0.00 121.17 87.41 24.84 23342 0.00 42.5%9.23 91.79 325.22
1998  0.00 0.00 120.45 87.86 2451 23282 0.00 39.738.07 87.80 320.62
1999  0.00 0.00 11526 8342 2584 22452 0.00 17.200.13 87.33 311.86
2000 0.00 0.00 11609 8583 6.5 20842 0.96 15.06.386 224 230.82
2001  0.00 0.00 102.13 7347 6.77 18238 0.00 21.631.94 53.59 235.96
2002  0.00 0.00 63.26 4571 23.15 13211 0.00 0.000.7 50.77 182.91
2003  0.00 0.00 67.47 5126 2476 143.49 000 0.002.0% 62.09 205.58
2004  0.00 0.00 90.26 89.38 30.85 210.48 0.00 58.885.35 124.24 334.67
2005  0.00 0.00 1504 74.15 353 259.84 0.00 15.185.288 100.46 360.68
2006  0.00 0.00 134 9723 3547 267 0.00 1371  80.0193.76 361

2007 0.00 0.00 121 73 29.85 225 0.00 7 66 73 297
2008 0.00 0.00 166 50 32 248 0.00 3.59 70.15 73.820.22
Average: 166 56 222
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Table 2. Recent trend in Pacific hake managemefnpeance.

Coast-wide Coast-wide
Total landings (U.S. + Canada) (U.S. + Canada)

Year (mt) QY (mt) ABC (mt)
1999 311,855 290,000 290,000
2000 230,820 290,000 290,000
2001 235,962 238,000 238,000
2002 182,911 162,000 208,000
2003 205,582 228,000 235,000
2004 334,672 501,073 514,441
2005 359,661 364,197 531,124
2006 360,683 364,842 661,680
2007 297,098 328,358 612,068
2008 322,017 364,842 400,000
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Table 3. U.S. fishery sampling information by secioowing the number of hauls or trips,
lengths and ages sampled each year. Note thatlB008 values have been updated for this
assessment.

At-sea Shore-based
Number Number
of hauls of trips

with Number  Number with Number  Number
Year lengths of lengths of ages lengths of lengths of ages
1975 13 486 332 NA NA NA
1976 249 48,433 4,077 NA NA NA
1977 1,071 140,338 7,693 NA NA NA
1978 1,135 122,531 5,926 NA NA NA
1979 1,539 170,951 3,132 NA NA NA
1980 811 101,528 4,442 NA NA NA
1981 1,093 135,333 4,273 NA NA NA
1982 1,142 169,525 4,601 NA NA NA
1983 1,069 163,992 3,219 NA NA NA
1984 2,035 237,004 3,300 NA NA NA
1985 2,061 259,583 2,450 NA NA NA
1986 3,878 467,932 3,136 NA NA NA
1987 3,406 428,732 3,185 NA NA NA
1988 3,035 412,277 3,214 NA NA NA
1989 2,581 354,890 3,041 NA NA NA
1990 2,039 260,998 3,112 NA NA NA
1991 817 94,685 1,333 17 1,273 934
1992 836 72,294 2,175 49 3,152 1,062
1993 442 31,887 1,196 36 1,919 845
1994 649 41,143 1,775 80 4,939 1,457
1995 470 29,035 690 57 3,388 1,441
1996 557 32,133 1,333 47 3,330 1,123
1997 681 47,863 1,147 67 4,272 1,759
1998 803 47,511 1,158 63 3,979 2,021
1999 2,268 49,192 1,047 92 4,280 1,452
2000 2,199 48,153 1,257 81 2,490 1,314
2001 2,239 48,426 2,111 106 4,290 1,983
2002 1,821 39,485 1,695 94 3,890 1,582
2003 1,915 37,772 1,761 101 3,866 1,561
2004 2,797 57,014 1,875 129 7,170 1,440
2005 3,064 62,944 2,451 108 6,166 1,160
2006 2,824 58,094 2,058 156 8,974 1,547
2007 2,810 57,817 2,094 126 7,035 1,398
2008 3,403 55,330 1,779 99 4,924 1,009
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Table 4. Canadian fishery sampling information égtsr showing the number of hauls or trips,
lengths and ages sampled each year. Note that\@d08s represent the sum of sampling for
both sectors.

Joint-venture Domestic
Number Number
of hauls of trips

with Number  Number with Number  Number
Year lengths of lengths of ages lengths of lengths of ages
1988 129 75,767 1,557 NA NA NA
1989 157 56,202 1,353 NA NA NA
1990 152 33,312 1,024 NA NA NA
1991 567 97,205 1,057 NA NA NA
1992 429 60,391 1,786 NA NA NA
1993 500 70,522 1,228 NA NA NA
1994 875 122,871 2,196 NA NA NA
1995 183 20,552 1,747 NA NA NA
1996 813 99,228 1,526 10 449 0
1997 414 16,957 1,430 297 42,296 150
1998 468 45,117 1,113 265 29,850 454
1999 66 8,663 812 314 42,119 1,568
2000 352 45,946 1,536 23 2,151 0
2001 284 26,817 1,424 126 14,937 111
2002 NA NA NA 1890 13,611 1,831
2003 NA NA NA 338 24,898 1,386
2004 595 60,025 1,102 124 7,716 1,581
2005 58 5,206 292 267 17,252 1,415
2006 126 9,417 334 212 15,576 1,170
2007 47 4,050 0 172 8,991 965
2008 188 12,281 1,950
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Table 5. U.S. fishery sampling information by secoowing the sampled catch weight, total
fishery catch weight each year. Note that only 208l8es have been updated for this
assessment.

At-sea Shore-based
Sampled Total Sampled Total

weight weight Percent weight weight Percent
Year (mt) (mt) sampled (mt) (mt) sampled
1975 47 205,654 <0.1% NA NA NA
1976 4,165 231,331 1.8% NA NA NA
1977 4,239 127,013 3.3% NA NA NA
1978 4,769 97,683 4.9% NA NA NA
1979 6,797 123,743 5.5% NA NA NA
1980 10,074 71,560 14.1% NA NA NA
1981 9,846 113,921 8.6% NA NA NA
1982 23,956 74,553 32.1% NA NA NA
1983 27,110 72,100 37.6% NA NA NA
1984 13,603 93,611 14.5% NA NA NA
1985 11,842 81,545 14.5% NA NA NA
1986 24,602 151,501 16.2% NA NA NA
1987 22,349 155,653 14.4% NA NA NA
1988 21,499 153,822 14.0% NA NA NA
1989 20,560 203,578 10.1% NA NA NA
1990 16,264 175,685 9.3% NA NA NA
1991 15,833 196,905 8.0% 683 20,600 3.3%
1992 17,781 152,449 11.7% 1,964 56,127 3.5%
1993 11,306 99,103 11.4% 1,619 42,119 3.8%
1994 13,959 179,073 7.8% 4,461 73,656 6.1%
1995 9,833 102,624 9.6% 3,224 74,965 4.3%

1996 13,813 112,776 12.2% 3,036 85,127 3.6%
1997 17,264 121,173 14.2% 4,670 87,410 5.3%
1998 17,370 120,452 14.4% 4,231 87,856 4.8%
1999 47,541 115,259 41.2% 6,740 83,419 8.1%

2000 48,482 116,090 41.8% 7,735 85,828 9.0%
2001 43,459 102,129 42.6% 8,524 73,474 11.6%
2002 37,252 63,258 58.9% 7,089 45,708 15.5%
2003 38,067 67,473 56.4% 7,676 55,335 13.9%
2004 53,411 90,258 59.2% 10,918 96,229 11.3%
2005 66,356 150,400 44.1% 8,997 85,914 10.5%

2006 60,435 97,403 62.0% 13,646 115,980 11.8%
2007 64,230 107,489 59.8% 12,231 72,663 16.8%
2008 155,617 166,000 93.7% 9,488 50,000 19.0%
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Table 6. Canadian fishery sampling information bgtsr showing the sampled catch weight,
total fishery catch weight each year. Table frofd&@ssessment.

Joint-venture Domestic
Sampled Total Sampled Total

weight weight Percent weight weight Percent
Year (mt) (mt) sampled (mt) (mt) sampled
1988 2,210 49,243 4.5% NA NA NA
1989 2,767 62,618 4.4% NA NA NA
1990 3,078 68,313 4.5% NA NA NA
1991 11,840 68,133 17.4% NA NA NA
1992 8,901 68,779 12.9% NA NA NA
1993 8,929 46,422 19.2% NA NA NA
1994 15,387 85,162 18.1% NA NA NA
1995 3,770 26,191 14.4% NA NA NA
1996 14,863 66,779 22.3% 388 26,395 1.5%
1997 8,325 42,565 19.6% 267 49,227 0.5%
1998 9,638 39,728 24.3% 337 48,074 0.7%
1999 1,970 17,201 11.5% 462 70,132 0.7%
2000 5,762 15,059 38.3% 298 6,382 4.7%
2001 6,072 21,650 28.0% 5,961 31,935 18.7%
2002 NA NA NA 9,353 50,769 18.4%
2003 NA NA NA 14,474 62,090 23.3%
2004 14,620 58,892 24.8% 3,605 65,345 5.52%
2005 1,630 15,178 10.7% 7,650 85,284 9.0%
2006 2,702 13,715 19.7% 8,005 80,011 10.0%
2007 1,043 14,980 7.0% 4,972 79,535 6.23%
2008 636 3,592 17.7% 2,784 70,150 4.0%
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Table 7. U.S. fishery sample sizes for conditiag#-at-length data. Values represent the
number of hauls contributing from the at-sea seata the number of trips from the shore-based

fishery. Note: only the 2008 values have been wgubiftr this assessment.
Length(cm) 1975 1976 1977 1978 19079 1080 1081 198883 19084 1985

20 1 1 1 5

21 1 2 3 9

22 1 2 2 13

23 1 1 4 1 23

24 1 1 4 2 25 2

25 1 3 10 1 1 29 5

26 2 1 10 2 40 11 1 1
27 2 4 9 2 1 34 9 1

28 1 5 14 4 1 22 12 1
29 3 4 7 10 1 21 18 6 2
30 5 4 4 21 1 16 37 10 1
31 3 6 2 2 27 12 38 11 3 3
32 5 8 30 3 6 52 23 1 3
33 2 9 4 46 4 9 62 23 2 3
34 4 10 5 33 9 12 66 35 6 2
35 4 7 12 24 19 16 62 39 12 1
36 5 13 28 3 17 38 28 55 51 25 1
37 5 23 56 7 19 66 49 59 55 41 2
38 3 26 71 17 12 74 59 48 62 72 7
39 2 45 99 51 11 84 78 50 58 112 16
40 6 58 114 88 17 89 94 62 62 121 43
41 10 53 146 129 25 83 84 66 69 135 78
42 9 55 141 176 36 93 85 86 77 125 107
43 9 56 160 171 44 88 88 94 72 112 121
44 10 54 160 158 65 100 101 99 69 93 124
45 8 47 147 165 72 111 101 100 69 82 115
46 9 47 142 148 74 114 107 99 75 83 101
47 7 39 132 144 84 96 114 103 74 74 79
48 10 42 128 154 83 90 122 111 70 67 63
49 8 44 136 143 76 85 122 116 69 66 58
50 4 57 123 147 83 90 105 101 71 50 52
51 5 62 135 156 89 87 113 112 59 49 25
52 6 60 140 184 85 92 107 100 66 43 24
53 69 146 178 86 94 116 106 66 28 17
54 2 64 147 186 78 105 96 104 61 20 15
55 4 58 161 176 70 102 80 86 57 11 11
56 67 139 156 66 102 65 85 44 5 3
57 1 65 131 115 58 102 56 81 32 5 4
58 1 62 94 103 41 88 39 48 32 4 3
59 2 57 95 60 47 52 34 53 17 7

60 1 56 73 60 22 60 36 37 22 2 1
61 48 60 45 26 39 30 28 15 1
62 45 52 41 16 27 20 17 9 4

63 30 46 27 12 25 20 21 12 4

64 36 42 26 8 26 16 21 6 2

65 33 23 18 13 19 8 18 6 1

66 33 17 14 11 12 10 9 4

67 33 15 18 6 11 10 10 4 1

68 1 28 18 13 8 9 5 6 5 2 1
69 1 25 17 10 4 7 7 6 1 3

70 71 62 60 16 14 15 14 12 9
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Table 7. Continued.

Length (cm) 1986 1987 1988 1989 1990 1991 1992 199394 1995 1996
20 2 1
21 2
22 1
23 1
24 1
25
26 1
27 1
28 2 2
29 1 1 2 6 5
30 5 3 5 1 6 1 1
31 8 1 9 15 2 8 4 6
32 19 2 15 22 5 5 1 1 9
33 22 3 2 15 24 13 3 5 1 17
34 49 6 3 8 45 23 4 5 1 23
35 41 16 3 10 51 32 3 17 3 30
36 42 29 3 13 76 33 6 31 9 30
37 40 60 15 9 84 39 22 42 19 2 23
38 39 79 56 17 94 37 23 45 42 4 27
39 36 88 101 40 98 46 58 49 64 2 33
40 51 97 129 79 104 50 66 44 70 6 38
41 85 104 141 120 95 55 78 38 66 18 35
42 114 112 141 129 96 59 84 50 73 31 36
43 119 121 145 125 93 58 82 57 81 33 50
44 110 117 153 127 91 54 81 64 99 38 65
45 113 113 152 125 82 53 81 65 99 37 73
46 105 106 150 130 88 53 81 63 98 36 74
47 100 102 137 133 82 47 84 58 95 39 72
48 83 92 123 118 84 48 84 62 90 38 64
49 67 83 81 08 73 44 82 46 91 37 59
50 77 59 68 74 72 36 73 30 63 33 47
51 59 40 45 49 74 18 59 22 34 25 30
52 51 31 34 40 58 9 39 9 25 23 29
53 52 18 22 35 43 6 35 4 15 13 10
54 44 14 15 27 34 6 26 7 13 10 12
55 27 8 14 14 20 7 20 6 8 8 7
56 31 5 8 15 15 2 15 1 4 6 4
57 24 5 13 8 14 3 15 2 5 4 1
58 11 3 11 8 14 2 9 6 6 3
59 11 2 4 7 11 3 9 1 2 3 3
60 7 5 6 3 14 7 3 1 1
61 8 3 5 6 15 3 5 2 1 1 2
62 7 6 1 9 3 5 1 2 2
63 3 1 3 9 3 2 1 1 1
64 6 2 4 1 8 3 1 1
65 5 3 3 1 8 2 2 2 1
66 6 1 4 2 8 5 2
67 4 2 6 2 1 1
68 3 3 2 4 6 2 2 1
69 4 1 3 7 1 1 1
70 25 5 12 4 20 8 6 1 3 1 2
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Table 7. Continued.

Length (cm) 1997 1998 1999 2000 2001 2002 2003 20@905 2006 2007 2008
20 1 4
21 1
22 1 1
23 2 1 1
24 4 3
25 6 2
26 7 1 6
27 1 11 3 7
28 2 11 6 6
29 2 2 10 8 7
30 8 3 6 9 11 3
31 8 3 7 1 1 7 17 11
32 2 9 2 15 14 39 11
33 4 19 1 19 1 28 41 11
34 1 1 29 2 28 1 2 51 41 20
35 1 5 41 2 32 2 4 96 57 23
36 7 13 38 6 50 11 2 107 45 28
37 16 17 41 18 55 19 2 1 2 128 49 48
38 32 30 54 16 61 45 6 7 3 187 60 78
39 47 36 60 24 56 80 25 23 6 275 42 72
40 59 50 53 36 61 113 61 45 25 298 46 77
41 77 56 59 43 97 128 133 90 49 328 72 84
42 83 73 49 56 100 117 199 133 125 248 126 56
43 84 97 77 85 100 100 227 216 242 187 155 62
44 70 102 70 86 112 85 203 227 309 112 235 95
45 71 90 84 89 121 63 156 225 318 72 319 121
46 57 77 63 106 136 53 106 177 267 45 332 155
47 53 51 63 120 136 61 67 105 199 18 315 183
48 41 43 47 100 153 65 49 79 114 8 259 165
49 28 25 31 95 118 74 33 39 72 2 173 181
50 27 17 17 75 86 76 33 26 46 8 124 132
51 21 7 13 55 59 68 17 8 31 3 74 112
52 11 3 9 34 50 55 15 12 9 6 53 85
53 11 3 6 17 37 48 5 5 11 4 31 64
54 5 2 3 17 34 38 7 3 6 1 19 36
55 1 4 9 10 27 4 2 3 2 14 30
56 3 1 12 8 17 3 2 4 1 9 21
57 1 3 4 11 13 2 3 1 16 13
58 1 1 2 3 1 7 2 1 2 4 10
59 1 1 5 2 4 1 1 2 1 6 6
60 1 1 4 4 4 2 3 6 6
61 1 2 2 1 2 1 2 2 4
62 1 1 4 3 1 5 1 4
63 1 1 1 5 2
64 2 1
65 1 2 1 1 1 1 1
66 1 1 1 1 2
67 1
68 1 1
69
70 2 1 4
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Table 8. Canadian fishery sample sizes for contifiage-at-length data. Values represent the nuofideuls
contributing from the joint-venture sector and thenber of trips from the domestic fishery. Tablenfir2008
assessment.

Length(cm) 1988 1989 1990 1991 1992 1993 1994 199996 1997
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Table 8. Continued.

Length (cm) 1998 1999 2000 2001 2002 2003 2004 20@B06 2007 2008
20 1 1
21 1
22 1
23 2 1
24 1
25 1
26 2 1
27 2
28 1 2
29 1 1 2
30 1 1 2
31 3 1 1 4
32 5 2 1 6
33 10 2 1 7
34 1 7 1 2 1 7
35 10 3 1 2 8
36 4 16 4 1 1 7
37 8 17 5 1 2 7
38 10 19 6 2 2 1 8
39 17 26 5 3 1 1 12
40 18 27 9 1 11 1 2 4 7
41 19 30 13 1 3 20 3 5 7 12
42 25 35 14 3 11 26 12 13 13 11
43 24 36 14 4 8 14 31 17 16 15 20
44 25 35 17 6 3 14 32 19 41 19 27
45 25 37 16 11 5 15 32 20 51 24 36
46 25 38 18 15 11 15 32 20 73 26 41
47 25 38 19 18 15 15 32 20 82 29 42
48 23 34 19 20 22 15 31 19 81 30 40
49 21 35 19 20 24 15 31 17 71 33 45
50 22 31 20 20 25 15 31 12 70 31 40
51 17 27 18 20 26 13 27 12 59 23 42
52 8 22 16 20 26 13 18 2 45 23 34
53 8 14 17 19 26 11 17 5 24 17 29
54 6 11 15 18 26 11 13 7 26 21 21
55 2 9 9 19 26 9 11 6 10 10 22
56 2 6 10 17 25 7 5 4 12 12 13
57 3 2 6 17 25 6 7 2 6 9 17
58 2 4 6 17 21 8 3 2 6 12 7
59 1 4 8 12 13 5 1 1 7 8 8
60 1 4 9 18 5 5 7 6 3
61 1 4 7 12 3 2 1 6 2 7
62 1 4 12 1 1 4 3
63 1 2 2 7 1 2 1 2 1
64 1 1 2 2 1 1 2 3 2
65 3 1 1 1 1 2 2
66 2 1 1 2 1 1 2
67 1 2 1 1
68 1 1 1 3
69 1 1
70 1 1 2
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Table 9. Acoustic survey sampling information, 12007. Table from 2008 assessment.
Number  Number  Number
Year ofhauls oflengths of ages

1977 85 11,695 4,262
1980 49 8,296 2,952
1983 35 8,614 1,327
1986 43 12,702 2,074
1989 22 5,606 1,730
1992 43 15,852 2,184
1995 69 22,896 2,118
1998 84 33,347 2,417
2001 49 16,442 2,536
2003 71 19,357 3,007
2005 49 13,644 1,905
2007 130 15,756 2,915
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Table 10. Acoustic survey sample sizes for condéti@ge-at-length data. Values represent the nuofieauls.
Table from 2008 assessment.

Length (cm) 1977 1980 1983 1986 1989 1992 1995 192901 2003 2005 2007

20

21

22

23

24 2 1 3

25 2 3 1 2

26 1 2 2 4

27 1 4 4 2 7

28 1 2 2 10 1 1 8
29 1 1 2 5 1 13 1 15
30 1 3 7 2 16 3 2 4 17
31 2 6 7 4 20 8 2 6 18
32 3 8 8 9 23 14 4 7 17
33 4 2 8 1 8 13 23 17 4 10 20
34 3 4 4 9 3 8 15 31 20 8 8 20
35 9 7 3 9 4 7 21 31 20 8 10 16
36 14 9 5 11 6 6 20 30 20 8 9 15
37 16 10 7 8 8 6 17 36 17 9 10 13
38 14 12 8 10 7 5 14 39 13 14 8 11
39 17 10 9 5 9 8 6 50 10 14 10 10
40 20 12 13 6 10 7 11 44 17 29 6 16
41 22 11 11 12 15 10 15 55 14 43 22 14
42 24 10 11 21 20 24 26 62 18 56 28 27
43 29 12 9 21 20 28 40 66 22 55 36 36
44 34 13 13 20 20 36 45 64 17 59 41 38
45 40 16 12 21 20 38 49 57 29 61 42 43
46 41 18 13 21 20 39 53 49 29 53 41 44
47 45 19 12 17 18 37 50 51 30 55 39 54
48 48 21 13 18 16 34 47 46 30 43 32 49
49 48 24 12 16 16 30 38 31 28 41 27 46
50 45 22 12 16 10 22 27 22 27 32 23 37
51 47 22 11 16 8 18 17 9 25 28 12 30
52 46 21 10 11 9 14 14 5 26 24 12 22
53 44 19 9 13 6 6 10 6 24 19 9 22
54 40 18 8 8 5 3 7 4 25 12 5 12
55 38 17 6 2 4 5 2 18 12 3 12
56 31 19 5 4 2 5 6 2 13 7 5 6
57 33 16 7 4 4 3 3 10 6 2 6
58 27 11 2 3 3 3 5 5 10 5 1 7
59 19 14 3 3 2 1 2 7 3 1 5
60 18 7 1 4 2 1 2 1 8 6 6
61 16 4 2 3 1 1 2 5 2 3
62 11 3 2 2 2 4 3 5

63 11 2 1 1 3 2 2

64 10 2 3 1 1 4 2 1 4
65 8 3 1 1 1 2 3 2 1

66 8 2 1 2 2 2 2

67 8 2 1 2 1 2

68 7 4 1 2 1

69 4 3 1 1 1 1 1 4 2 1

70 7 3 1 2 3 4 6 6 2
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Table 11. Acoustic survey biomass estimates (exujufish of age-0 and age-1, and including
all post-survey spatial expansion correction fajtand assumed SDs of the log-index, 1977-
2007. Values are unchanged from 2008 assessment.

Biomass

estimate
Year (1000s mt)  SD In(value)
1977 1,915 0.50
1980 2,115 0.50
1983 1,647 0.50
1986 2,857 0.50
1989 1,238 0.50
1992 2,169 0.25
1995 1,385 0.25
1998 1,185 0.25
2001 737 0.25
2003 1,840 0.25
2005 1,265 0.25
2007 879 0.25

Table 12. Pre-recruit survey relative estimatesunhbers at age-0 and SDs of the log-index
based on a jackknife variance estimation procedure.
Numbers SD
Year age-0 In(value)

2001 820.81 0.42
2002 357.08 0.23
2003  791.57 0.31
2004 1,659.21 0.28
2005 383.40 0.27
2006  208.59 0.18
2007  68.38 0.13
2008 138.36 0.17
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Table 13. Summary of key model parameters in tise base assessment model (excluding forecasts).

Bounds Prior (Mean, SD)
Parameter Number estimated  (low, high) (single value = fixed) Value
Stock and recruitment
Ln(Ry) 1 (11,21) uniform 14.506
Steepneshj 1 (0.2,1.0) ~Beta(0.777,0.113) 0.883
oy 1 (1.0,2.0) uniform 1.22
Ln(Recruitment deviations): 1962-2007 46 -7,7) n(L(0, o,)) *
Ln(Forecast recruitment deviations): 2008 1 (-7,7) ~Ln(N(0, o)) *
Individual growth and mortality
Natural mortality (1, to age 13) - NA 0.23 0.23
Natural mortality 1, ramp to value at age 15) 1 (0.2,0.8) uniform 208.6
Length at age 2 (cm) - NA 32 32
von BertalanffyK 1 (0.1,0.7) uniform 0.299
Exponential offset t&, 1980-1986 1 (-2,2) ~N(0,0.01) -0.135
Exponential offset t&, 1999-2008 1 (-2,2) ~N(0,0.01) 0.207
Length at age 12 (cm) 1 (30,70) uniform 53.40
Exponential offset to length at age 12, 1984-2008 1 (-2,2) ~N(0,0.01) -0.057
CV of length at age 2 - NA 0.066 0.066
CV of length at age 12 - NA 0.062 0.062
Weight-length slope - NA 0.000007 0.000007
Weight-length exponent - NA 2.9624 2.9624
Length at 50% maturity (cm) - NA 36.89 36.89
Logistic maturity slope - NA -0.48 -0.48
Eggs produced per gram intercept - NA 1.0 1.0
Eggs produced per gram slope - NA 0.0 0.0
Catchability and selectivity (double normal)
Acoustic survey:
Ln(Q) - catchability 1 (-5,0.5) uniform -0.166
Time-invariant age-based selectivity 3 varied uniform *x
U.S Fishery:
Time-invariant age-based selectivity 3 varied uniform *x
Additive offsets to ascending, peak and final partams 16 (-10,10) uniform b
Canadian Fishery:
Time-invariant age-based selectivity 3 varied uniform *x
Additive offsets to ascending, and peak parameters 10 (-10,10) uniform *x
Historical California fishery (4 separate seasons):
Time-invariant age-based selectivities 3 varied uniform **

Total: 48 + 47 recruitment deviations = 95 estirdgiarameters (98 in Appendix B include 2009-2@ctuitment forecasts).
* See tables below for recruitment estimate$* Too many to report here, see Appendix B forgdrameter estimates.
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Table 14. Model tuning specifications by source.

Average
Type of Input Average input  effective N or

data Source adjustment after adjustment RMSE
Survey Acoustic +0.0 0.35 0.52
Pre-recruit (emoved from base) +1.5 1.75 >1.75

Length Acoustic x 1.41 78.5 83.3

U.S. fishery x 0.09 155.8 158.5

Canadian fishery x 1.04 90.4 96.3
Historical California fisheryiqtr.  x 1.40 24.0 28.7
Historical California fishery® qtr. x 1.40 14.7 19.8
Historical California fisheryqtr.  x 1.40 32.2 48.8
Historical California fishery%qtr.  x 1.40 31.8 34.8

Age Acoustic x 3.27 47.0 51.1
U.S. fishery x 1.70 75.6 98.6

Canadian fishery x 1.78 21.0 27.4
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Table 15. Time-series of population estimates ftbenbase case model.

Female
spawning
Total biomass Age-0

biomass Age 3+ biomass (millions recruits Exploitation
Year (millions mt) (millions mt) mt) Depletion  (billions) 1-SPR fraction
1960 3.23 2.87 1.37 100% 1.99 0.00 0.00
1961 3.23 2.87 1.37 100% 1.99 0.00 0.00
1962 3.22 2.87 1.37 100% 0.10 0.00 0.00
1963 3.14 2.87 1.37 100% 0.23 0.00 0.00
1964 2.90 2.87 1.35 99% 0.98 0.00 0.00
1965 2.63 2.56 1.25 91% 0.88 0.00 0.00
1966 2.40 2.23 1.11 81% 1.30 0.19 0.06
1967 2.09 1.91 0.93 68% 1.28 0.28 0.11
1968 1.80 1.57 0.76 55% 1.83 0.18 0.08
1969 1.69 1.44 0.68 50% 0.96 0.27 0.12
1970 1.62 1.31 0.62 45% 4.92 0.39 0.18
1971 1.62 1.27 0.57 42% 1.41 0.38 0.12
1972 1.90 1.20 0.59 44% 0.55 0.31 0.10
1973 2.05 1.82 0.76 56% 4.63 0.37 0.09
1974 2.15 1.87 0.85 62% 0.75 0.41 0.11
1975 2.31 1.67 0.83 61% 2.21 0.40 0.13
1976 2.29 2.09 0.90 66% 1.02 0.40 0.11
1977 2.31 1.91 0.91 67% 12.45 0.26 0.07
1978 2.70 2.02 0.93 68% 1.23 0.21 0.05
1979 3.62 1.95 1.03 75% 2.36 0.22 0.07
1980 4,18 3.73 1.47 108% 34.16 0.14 0.02
1981 5.54 3.77 1.73 127% 0.10 0.19 0.04
1982 8.18 3.77 2.06 151% 0.17 0.13 0.03
1983 8.90 8.87 3.24 238% 0.58 0.11 0.01
1984 8.99 8.84 4.02 294% 17.55 0.11 0.02
1985 8.71 7.88 3.78 277% 0.01 0.07 0.01
1986 9.14 6.88 3.50 256% 0.40 0.12 0.03
1987 8.41 8.36 3.49 256% 5.30 0.12 0.03
1988 7.70 7.41 3.44 252% 2.23 0.13 0.03
1989 7.14 6.36 3.11 228% 0.08 0.20 0.05
1990 6.33 6.02 2.80 205% 3.19 0.18 0.04
1991 5.50 5.35 2.51 184% 0.79 0.24 0.06
1992 4.76 4.31 2.12 155% 0.02 0.27 0.07
1993 3.96 3.84 1.79 131% 2.45 0.20 0.05
1994 3.34 3.22 1.53 112% 2.24 0.37 0.11
1995 2.73 2.31 1.15 84% 1.67 0.35 0.11
1996 2.36 1.99 0.92 67% 2.16 0.45 0.15
1997 2.07 1.76 0.78 57% 1.34 0.46 0.19
1998 1.86 1.51 0.68 50% 2.58 0.52 0.21
1999 1.74 1.38 0.60 44% 12.32 0.56 0.23
2000 2.12 1.22 0.58 42% 0.46 0.49 0.19
2001 2.98 1.37 0.71 52% 0.98 0.45 0.17
2002 3.23 3.12 1.16 85% 0.01 0.28 0.06
2003 3.19 3.05 1.39 102% 1.64 0.25 0.07
2004 2.89 2.82 1.33 98% 0.33 0.36 0.12
2005 2.45 2.21 1.10 80% 2.39 0.42 0.16
2006 2.00 1.85 0.87 64% 0.38 0.47 0.19
2007 1.67 1.34 0.66 49% 1.03 0.49 0.23
2008 1.37 1.27 0.56 41% 1.90 0.57 0.25
2009 1.14 0.92 0.43 32% 1.86 NA NA
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Table 16. Time-series of ~95% confidence intervatdémale spawning biomass, relative
depletion estimates, age-0 recruits, relative sjragvpotential ratio (1-SPR/1-SRRyet=0.) and
exploitation fraction (catch/3+biomass) from thedaase model.

Female spawning Age-0 (1-SPR)

biomass recruits / Exploitation
Year (millions mt) Depletion (billions) (1-SPRarge) fraction
1960 1.22-151 NA 1.80-2.21 NA NA
1961 1.22-151 NA 1.80-2.21 NA NA
1962 1.22-151 NA 0.03-0.36 NA NA
1963 1.22-151 NA 0.09 -0.61 NA NA
1964 1.21-1.49 NA 0.74-1.30 NA NA
1965 1.12-1.38 NA 0.66 - 1.17 NA NA
1966 1.00-1.22 NA 1.10-1.55 0.29-0.34 0.06 - 0.07
1967 0.84-1.01 0.66 - 0.69 1.09 -1.50 0.4300.5 0.10-0.12
1968 0.69 -0.82 0.54 - 0.57 1.63-2.07 0.2840.3 0.07 - 0.08
1969 0.63-0.73 0.48 - 0.52 0.82-1.13 0.4180.4 0.12-0.13
1970 0.58 - 0.66 0.43-0.48 4.45 -5.45 0.6200.7 0.17 -0.19
1971 0.53-0.61 0.39-0.45 1.24-1.60 0.6060.6 0.11-0.13
1972 0.55-0.64 0.40-0.48 0.46 - 0.66 0.4840.5 0.09-0.11
1973 0.69 -0.82 0.50-0.61 4,12 -5.20 0.5950.6 0.08 -0.10
1974 0.77 - 0.93 0.55-0.69 0.64 -0.88 0.6520.7 0.10-0.12
1975 0.75-0.92 0.54 -0.69 1.95-251 0.6200.7 0.12-0.15
1976 0.79-1.01 0.57-0.75 0.87-1.20 0.6210.7 0.10-0.13
1977 0.79-1.03 0.57-0.76 11.2-13.84 0.39190. 0.06 - 0.08
1978 0.80 - 1.06 0.58 -0.78 1.05-1.45 0.3090.3 0.04 - 0.06
1979 0.89-1.17 0.65 - 0.86 2.07 - 2.68 0.33104 0.06 - 0.08
1980 1.29-1.66 0.93-1.23 31.77 - 36.72 0.2270 0.02 - 0.03
1981 1.52-1.94 1.10-1.44 0.04 -0.24 0.2750.3 0.03 - 0.04
1982 1.82-2.29 1.31-1.70 0.11-0.25 0.1940.2 0.03-0.03
1983 2.93-3.55 2.10-2.65 0.48 - 0.69 0.1610.2 0.01-0.01
1984 3.66 - 4.37 2.61-3.28 16.89 - 18.22 0.1200 0.01-0.02
1985 3.45-4.11 2.45-3.08 <0.01-0.04 0.11130. 0.01-0.02
1986 3.21-3.80 2.28-2.85 0.34-0.46 0.1810.2 0.03 -0.03
1987 3.23-3.76 2.28-2.84 5.11-5.51 0.1920.2 0.03 -0.03
1988 3.20 - 3.67 2.25-2.78 2.11-2.36 0.2030.2 0.03 - 0.04
1989 2.91-3.32 2.04-252 0.05-0.12 0.3140.3 0.04 - 0.05
1990 2.62-2.97 1.84-2.26 3.07-3.32 0.2920.3 0.04 - 0.05
1991 2.36 - 2.66 1.65-2.03 0.73-0.87 0.3810.4 0.05-0.06
1992 2.00-2.24 1.39-1.71 0.01-0.05 0.4470.4 0.07 - 0.07
1993 1.70-1.89 1.18-1.45 2.32-2.58 0.3250.3 0.05-0.05
1994 1.46-1.61 1.01-1.23 2.10-2.39 0.6040.6 0.11-0.12
1995 1.09-1.20 0.76 - 0.93 1.55-1.81 0.5600.6 0.10-0.11
1996 0.88 - 0.96 0.61-0.74 1.98-2.35 0.7370.7 0.15-0.16
1997 0.75-0.82 0.52 -0.63 1.20-1.49 0.7590.7 0.18 -0.19
1998 0.65-0.71 0.45-0.55 2.31-2.88 0.8480.8 0.20-0.22
1999 0.56 - 0.64 0.39-0.49 10.79 - 14.07 0.9P60 0.21-0.24
2000 0.53-0.62 0.37 - 0.47 0.38-0.56 0.7840.8 0.17 -0.20
2001 0.64 -0.78 0.45-0.59 0.80-1.21 0.7090.7 0.16 - 0.19
2002 1.02-1.31 0.73-0.98 <0.01-0.03 0.4%500. 0.05-0.07
2003 1.21-1.58 0.86-1.18 1.20-2.23 0.3660.4 0.06 - 0.08
2004 1.14-1.53 0.82-1.14 0.22-0.50 0.5360.6 0.10-0.14
2005 0.91-1.28 0.65 - 0.95 1.50-3.81 0.6290.7 0.13-0.19
2006 0.68 - 1.06 0.49-0.78 0.21-0.69 0.6800.9 0.15-0.24
2007 0.47 - 0.86 0.34-0.63 0.15-6.94 0.6860.9 0.17 -0.30
2008 0.33-0.78 0.25-0.57 0.29-12.35 0.7141. 0.15-0.36
2009 0.20 - 0.67 0.15-0.49 0.29-12.10 NA NA
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Table 17. Estimated numbers at age (millions).

Year 0 1 2 3 4 5 6 7 10 11 12 13 14 15
1960 1,994 1,585 1,259 1,000 795 632 502 399 317 252 200159 126 100 80 112
1961 1,994 1,585 1,259 1,000 795 632 502 399 317 252 200159 126 100 80 112
1962 99 1,585 1,259 1,000 795 632 502 399 317 252 200 9 15126 100 80 112
1963 229 79 1,259 1,000 795 632 502 399 317 252 200 15926 100 80 112
1964 982 182 63 1,000 795 632 502 399 317 252 200 159 6 12100 80 112
1965 876 781 144 50 795 632 502 399 317 252 200 159 12400 80 112
1966 1,304 696 620 115 40 632 502 399 317 252 200 159 6 12100 80 112
1967 1,280 1,036 553 488 90 31 483 378 296 231 182 14314 1 90 73 109
1968 1,834 1,017 823 433 378 68 23 353 268 203 154 118 2 9 72 58 97
1969 964 1,457 808 650 340 295 53 17 264 196 144 106 7860 47 81
1970 4,924 766 1,158 635 507 263 224 39 13 181 127 87 6043 33 61
1971 1,406 3,913 609 898 484 378 189 154 25 8 99 63 40 6 2 19 43
1972 549 1,117 3,109 472 686 361 273 131 101 16 4 55 3320 14 30
1973 4,631 436 887 2,438 367 526 272 199 92 67 10 2 28 6 1 10 20
1974 754 3,679 347 689 1,864 274 381 189 132 57 39 5 14 1 9 15
1975 2,212 599 2,923 268 523 1,375 195 258 120 78 32 20 3 1 7 11
1976 1,024 1,757 476 2,263 204 387 983 133 166 73 44 17 10 1 0 9
1977 12,452 814 1,396 368 1,716 150 275 667 86 101 42 25 9 6 1 5
1978 1,231 9,894 646 1,093 285 1,312 113 202 477 60 69 8 2 16 6 4 3
1979 2,357 978 7,861 508 854 220 1,000 85 149 345 42 48 20 11 4 4
1980 34,157 1,873 77 6,179 397 659 168 749 62 107 242 9 2 33 13 8 5
1981 102 27,139 1,488 614 4,864 311 512 129 569 46 78 5 17 21 23 9 7
1982 169 81 21,563 1,178 484 3,804 240 389 96 411 33 54120 14 16 9
1983 575 134 64 17,096 931 381 2,974 186 296 72 302 24 9 3 86 10 15
1984 17,546 457 107 51 13,535 735 299 2,312 142 224 53 21 2 17 28 63 14
1985 13 13,941 363 84 40 10,679 576 232 1,776 108 167 3962 13 21 46
1986 395 10 11,076 287 67 32 8,383 451 181 1,378 83 129 30 125 10 37
1987 5,302 314 8 8,726 225 52 25 6,484 346 138 1,049 64 98 23 96 26
1988 2,233 4,212 250 6 6,852 176 41 19 4,962 263 105 795 48 74 18 74
1989 78 1,774 3,347 196 5 5,352 137 31 15 3,753 199 7999 5 36 56 49
1990 3,193 62 1,409 2,635 150 4 4,045 103 23 11 2,822 9 14 60 453 28 61
1991 794 2,537 50 1,111 2,012 114 3 3,061 78 18 8 2,135113 45 346 49
1992 17 631 2,016 39 835 1,508 85 2 2,269 58 13 6 1,59085 34 240
1993 2,446 13 501 1,580 29 619 1,111 62 2 1,657 42 10 14174 63 143
1994 2,239 1,944 10 392 1,223 22 468 830 46 1 1,227 31 7 3 879 113
1995 1,673 1,779 1,544 8 293 892 16 323 562 31 1 826 21 5 2 564
1996 2,157 1,329 1,413 1,186 6 216 639 11 222 385 21 167 5 15 3 279
1997 1,337 1,714 1,056 1,067 870 4 147 418 7 140 243 13 0 365 10 133
1998 2,577 1,062 1,362 810 796 623 3 93 249 4 76 130 7 @05 62
1999 12,321 2,047 844 1,034 594 554 404 2 51 124 2 35 61 3 0 114
2000 463 9,790 1,627 636 747 403 345 226 1 22 51 1 14 25 2 42
2001 980 368 7,778 1,241 470 526 265 209 124 0 11 23 0 712 17
2002 10 779 293 6,072 881 316 340 172 135 80 0 7 16 0 415
2003 1,636 8 619 231 4,621 648 226 243 123 97 58 0 5 11 0 10
2004 333 1,300 6 488 175 3,431 473 165 178 90 71 42 0 4 8 5
2005 2,387 264 1,033 5 360 125 2,372 327 114 123 62 49 0 3 O 3 8
2006 376 1,897 210 784 4 258 86 1,577 210 71 75 37 29 18 0 5
2007 1,029 299 1,507 158 570 3 172 55 967 125 41 42 21 6 1 10 2
2008 1,903 817 237 1,126 114 393 2 108 33 562 71 23 231 1 9 6
2009 1,862 1,512 649 173 780 74 239 1 58 17 279 34 11 11 6 6
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Table 18. Three-year projections of maximum liketd-based Pacific hake ABC, QY,

spawning biomass and depletion for the base caslelrhased on the 40:10 harvest control rule
and theF 409, Overfishing limit/target.

Female
spawning ~95% ~95%
ABC biomass confidence Estimated confidence
Year (mt) QY (mt) (millions mt) interval depletion interval
2009 291,965 253,582 0.43 0.20 - 0.67 32% 15% - 49%
2010 238,866 193,109 0.36 0.10 - 0.62 26% 7% - 45%
2011 227,178 189,054 0.36 <0.01-0.74 27% <1% - 53%
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Table 19. Decision table with three year projectiohposterior distributions for Pacific hake femapawning biomass, depletion (both of these abdiginning of
the year, before fishing takes place) and relapavning potential ratio (1-SPR/1-SRR.-0.4 Values greater than 1.0 denote overfishing). ICaliernatives are
based on: 1) arbitrary constant catch levels dd@®, 100,000, 150,000 and 200,000 mt (rows a, éndlf); 2) the values estimated via the 40:10dwtrgontrol rule
and theF 4, overfishing limit/target for the base case MLE mb@low h; from Table 18 above), and catch strempsesenting upper and lower quartiles of
depletion from the MLE variance estimate (rows d Bn3) the approximate 40:10 policy rule applitedhe median of the full posterior (MCMC) distrtimn for
2009 (row g); and 4) the catch level that wouldible neutral in terms of avoiding being overfisi{ddpletion >25%) in 2010 (row €).

States of nature

Management Action Female spawning biomass Estimated depletion Relative spawning potential ratio
(millions mt) posterior interval posterior interval
posterior interval
Year Catch 5th 25th 50th 75th 95th 5th 25th 50th 75th 95th 5th 25th 50th 75th 95th

2009 50,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29% 4% 3 46% 0.24 0.31 0.36 0.42 0.52
a 2010 50,000 0.23 0.33 0.41 0.50 0.69 17% 24% 29%36% 49% 0.22 0.29 0.34 0.41 0.52
2011 50,000 0.24 0.33 0.43 0.56 0.90 17% 24% 31% 0% 4 64% 0.19 0.27 0.33 0.40 0.51
2009 100,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.43 0.52 0.60 0.68 0.81
b 2010 100,000 0.21 0.31 0.38 0.48 0.66 15% 22% 28%34% 47% 0.40 0.52 0.60 0.70 0.86
2011 100,000 0.20 0.29 0.39 0.52 0.86 14% 21% 28%37% 61% 0.37 0.50 0.60 0.72 0.89
2009 137,526 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.54 0.65 0.73 0.82 0.96
c 2010 131,109 0.19 0.29 0.37 0.46 0.65 14% 21% 26%33% 46% 0.51 0.64 0.74 0.84 1.02
2011 156,111 0.17 0.26 0.36 0.49 0.83 12% 19% 26%35% 59% 0.53 0.70 0.82 0.96 1.14
2009 150,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.57 0.69 0.77 0.86 1.00
d 2010 150,000 0.19 0.28 0.36 0.45 0.64 14% 21% 26%33% 46% 0.56 0.70 0.80 0.91 1.09
2011 150,000 0.16 0.25 0.34 0.48 0.82 11% 18% 25%34% 58% 0.52 0.70 0.82 0.97 1.16
2009 184,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29934% 46% 0.65 0.77 0.86 0.95 1.08
e 2010 184,000 0.17 0.27 0.35 0.48 0.63 13% 19% 25981% 45% 0.65 0.80 0.91 1.02 1.20
2011 184,000 0.13 0.22 0.32 0.45 0.79 9% 16% 23% 2% 3 56% 0.62 0.81 0.95 1.10 1.31
2009 200,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29934% 46% 0.69 0.81 0.90 0.98 1.12
f 2010 200,000 0.17 0.26 0.34 0.43 0.62 12% 19% 249%31% 44% 0.69 0.85 0.96 1.07 1.25
2011 200,000 0.12 0.21 0.30 0.43 0.78 8% 15% 22% 1% 3  56% 0.66 0.86 1.00 1.16 1.37
2009 215,000 0.25 0.33 0.40 0.48 0.64 18% 24% 29934% 46% 0.71 0.84 0.93 1.02 1.15
g 2010 215,000 0.16 0.25 0.33 0.42 0.61 12% 18% 24%30% 44% 0.73 0.89 1.00 111 1.29
2011 215,000 0.11 0.19 0.29 0.42 0.77 7% 14% 21% 0% 3 55% 0.70 0.91 1.05 1.22 1.43
2009 253,582 0.25 0.33 0.40 0.48 0.64 18% 24% 29%34% 46% 0.79 0.91 1.00 1.09 1.22
h 2010 193,109 0.14 0.24 0.32 0.41 0.60 10% 17% 239%29% 43% 0.69 0.86 0.98 1.10 1.29
2011 189,054 0.10 0.19 0.28 0.42 0.76 7% 14% 21% 0% 3 54% 0.65 0.86 1.01 1.18 1.40

2009 365,784 0.25 0.33 0.40 0.48 0.64 18% 24% 29% 34% 46% 0.95 1.07 1.15 1.23 1.35
i 2010 256,993 0.09 0.18 0.27 0.36 0.55 7% 14% 19% 25% 39% 0.85 1.04 1.17 1.30 1.45
2011 222,901 0.04 0.12 0.21 0.34 0.69 3% 9% 15% 25% 50% 0.77 1.02 1.20 1.38 1.46
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Figure 12. Plot of acoustic survey size compos#iohcoastal Pacific hake off the west coast of
the U.S. and Canada, 1977-2007.
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Figure 13. Plot of acoustic survey size compas#iof coastal Pacific hake off the west coast of
the U.S. and Canada, 1977-2007. Diameter of ciislesaled to a maximum proportion of 0.16
and proportions sum to 1.0 in each year.
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Figure 14. Plot of acoustic survey age composstiminPacific hake off the west coast of the U.S
and Canada, 1977-2007.
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Figure 15. Plot of acoustic survey age composstioincoastal Pacific hake off the west coast of
the U.S. and Canada, 1977-2007. Diameter of ciislesaled to a maximum proportion of 0.54
and proportions sum to 1.0 in each year.
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expanded acoustic survey numbers at age to thesaooustic survey and triennial bottom

trawl survey expanded numbers at age. This arsalyas conducted to explore empirical
evidence for dome-shaped selectivity in the acousstrvey.
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Figure 18. The estimated standard deviation of mieskage as a function of true age for the pre-
2001 AFSC ageing lab (upper line for younger ageklawer line for older ages) and the
Cooperative Ageing Program and Department of Fiseemd Oceans Canada which have read
all ages since 2001.
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Figure 19. Comparison of age-reading agreement #@20 double-read otoliths collected
between 1986 and 2008. ‘Strong’ cohorts includedr] 1980, 1984 and 1999.
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Figure 20. Comparison of age-reading percent desagent for ‘strong’ cohorts (1977, 1980,
1984 and 1999) and weaker cohorts. Horizontalihdecates the weighted regression estimated
using the minimum sample size (shown next to thetppbetween the two types of cohorts for
each age.
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Figure 21. Time-series of the coast-wide Pacificehare-recruit survey indices based on data
collected from SWFSC Santa Cruz and the joint PWNMIFS surveys.
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Figure 22. Time varying and cohort based fitséexdl to the assessment model) of the von
Bertalanffy growth model to Pacific hake age daterfthe acoustic survey, 1977-2005.
Analyses were conducted as part of the 2006 ass@ssm
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Figure 23. Results of a hierarchical von Bertdiagfowth model fit to three difference sources
of Pacific hake growth data. A von Bertalanffy @tbh model was fit to each of the three data
sources with age at length data combined and ctieaited as a random variable. The results
show an early consistent decline in asymptotic armkinstantaneous growth coefficient, k, in
the early 1980s. Box whisker plots show the maigiosterior density of growth parameters,
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Draft 98



Bivariate posterior density of growth parameters

60 - Lmax and K (mean) for Pacific hake by sex

58 A
56 A

54 -

52 A

50 A

Asymptotic size (cm)

48 -

46 T T T T T 1
0.20 0.25 0.30 0.35 0.40 0.45 0.50

Instantaneous growth coefficient, K

Figure 24. Results of a hierarchical von Bertdiagfowth model fit to Pacific hake growth
data from the acoustic survey (all years, 1977-20@7von Bertalanffy growth model was fit
separately to each sex and cohort treated as amandriable. The results show that female
pacific hake achieve a significantly larger size thales, but also growth at a slower rate. The
dots show the bivariate distribution ofdxand K from a sample of 1,000 draws from the joint
posterior density and the solid ellipses give th&Josterior interval.
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Figure 25. Observed and fitted values for perogetiure at length.
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Figure 30. Estimated selectivity curves (contondidate relative selectivity at age and year,
each year has at least one age that is fully selébr different time blocks in the U.S. fishery.
Ascending width, peak, and final parameters wetienased, and ascending width, peak, and
final parameters were allowed to vary among tineeckds.
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Figure 31. Estimated selectivity curves (contondidate relative selectivity at age and year,
each year has at least one age that is fully selgédr different time blocks in the Canadian
fishery. Ascending width, peak, and final parameteere estimated, and ascending width, and
peak parameters were allowed to vary among timekslo
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Figure 33. Estimated time-invariant selectivity\afor the acoustic survey. The ascending
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Figure 34. Predicted fits to the observed U.S efighength composition data.
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Figure 35. Pearson standardized residuals (obseqmmesdlicted) for model fits to the U.S. fishery
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length composition data. Maximum bubble size

110

Draft



3000

2000
1

Effective sample size

1000

Effective sample size
300 400 500
1 1 l

200
|

100
|

T | | | |
0 100 200 300 400

Observed sample size
Figure 36. Plot of effective vs. observed inpuhpke sizes for the U.S. fishery conditional age
at length compositions (top) and length compos#i(ottom). Solid line indicates a 1:1
relationship, dashed line is a loess smoother.
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Figure 37. Predicted fits to the observed Canafitduery length composition data.
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relationship, dashed line is a loess smoother.
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Figure 42. Plot of effective vs. observed inpuhpke sizes for the acoustic survey conditional
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relationship, dashed line is a loess smoother.
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Figure 43. Predicted fits to the observed histbrd&aguarter California fishery length

1963

1964

1968

1967 1969
DDDD meo DDD LT o
- o n:\l:l:u:l:‘-jzl:-ﬂ;n: oy %0%@ o ] 002
1970

T T T T 1
20 30 40 &0 BO YO

composition data.

Length bin {cm)

Draft

118



1963 1966 1967
o
020
015
o
010 oo -
?:.D
m o
0.05 oc @mo
% o] Du:u =] =]
= 0.00
= 1968 1964 1970
]
O 020
015
o
010 o =]
0 @ o
o
0.05 - o | of o Tk
o ':“é‘:":‘ oo @ o™
E - = oo coaa ==} %IIIII?IIDID =
ofd O OmDooo o | "o o oo o o 2] O appo 0 o
|:||:||:| — [=] [u] O [u] o O o0

r— 1 T T T 1T T T T T T T 1T T T T T 1T
20 30 40 &0 BO YO 20 30 40 &0 BO 7020 30 40 50 BO 7O

Length bin {cm)

Figure 44. Predicted fits to the observed histd@8aquarter California fishery length
composition data.
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Figure 47. Predicted (implied) fits to the obserteS. fishery age composition data.
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Figure 48. Predicted fits to the early observedadan fishery age composition data, where
conditional age-at-length could not be calculated.
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Figure 49. Pearson standardized residuals (obseqmesdlicted) for model fits to the early
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Figure 50. Predicted fits (implied) to the obser@ahadian fishery age composition data.
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Figure 51. Predicted (implied) fits to the obseraedustic survey age composition data.
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Figure 52. Estimated time-series of Pacific hakal t@op panel) and summary biomass (age 3+;
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confidence intervals.
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Figure 56. Time-series of estimated depletion, 12609.

Draft 131



- tananement tarcet :
g 2
=
o
[ i)
Wooo T

(1-SPR(
04

| | | |
1970 1980 1990 2000

Year

Figure 57. Time-series of relative spawning potgmétio (1-SPR/1-SPRget=0.J.

Draft 132



(1-SPRY{1-SPRTarget)

E/Etarget
Figure 58. Temporal pattern (phase plot) of reaipawning potential ratio (1-SPR/1-
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Current (2008) performance relative to targeth s as solid dot.
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Figure 67. Time-series of posterior intervals flative depletion; dark line indicates the median
value, shaded region the ~95% credibility intervad dashed lines the minimum and maximum
values present in the posterior distribution. Homial lines indicates the SB40% biomass target

and SB25% biomass limit levels.
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Figure 68. Time-series of posterior intervals feative SPR, (1-SPR/1-SPRet=0.); dark line
indicates the median value, shaded region the ~9Bééhility interval and dashed lines the
minimum and maximum values present in the posteligiribution. Horizontal line indicates the
overfishing threshold.
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Appendix A. Stock synthesis model input files generatinglthge case assessment reported in
this document.

H

9 base case hake starter file

hake_data.SS # Data file
hake_control.SS # Control file

# Read initial values from .par file: 0=no,1=yes
# DOS display detail: 0,1,2
# Report file detail: 0,1,2
# Detailed checkup.sso file (0,1)
# Write parameter iteration trace file during mization
# Write cumulative report: 0=skip,1=short,2=full
# Include prior likelihood for non-estimated parters
# Use Soft Boundaries to aid convergence (Getpmmended)
# N bootstrap datafiles to create
5 # Last phase for estimation
# MCMC burn-in
# MCMC thinning interval
# Jitter initial parameter values by this franti
# Min year for spbio sd_report (neg val = styri2gin state)
# Max year for spbio sd_report (neg val = endyr+
# N individual SD years
0.0000001 # Ending convergence criteria
# Retrospective year relative to end year
# Min age for summary biomass
# Depletion basis: denom is: 0=skip; 1=rel X*B8rel X*Bmsy; 3=rel X*B_styr
# Fraction (X) for Depletion denominator (e€dgt)
# (1-SPR) reporting: O=skip; 1=rel(1-SPR); 26rSPR_MSY); 3=rel(1-SPR_Btarget); 4=notrel
# F_std reporting: 0=skip; 1=exploit(Bio); 2=éoig(Num); 3=sum(frates)
# F_report_basis: O=raw; 1=rel Fspr; 2=rel Fimn3yrel Fbtgt

OFRPRPFPNOOOOOONRKRO

SINEN

oOrRrRrPPWO
o

999 # end of file marker
B T R R A T

# 2009 Base case hake forecast controls

1 # Forecast: 0=none; 1=F(SPR); 2=F(MSY) 3=F(B#ytF(endyr); 5=Ave F (enter yrs); 6=read Fmult
2008 # First year for averaging selex to use iadast (e.g. 2004; or use -x to be rel endyr)
2008 # Last year for averaging selex to use iadast

1 # Benchmarks:0=skip, 1=calc Fspr, Fbtgt, Fmsy

2 # MSY: 0=none,1=F(SPR),2=calc F(MSY),3=F(Btgtsédt to F(endyr)

0.4 # SPR target (e.g. 0.40)

0.4 # Biomass target (e.g. 0.40)

3 # Number of forecast years

1 # Read advanced options add indents belaw if

0 # Puntalyzer output: 0=no,1=yes

-1 # Rebuilder: first year catch could have bgetto zero (Ydecl)

-1 # Rebuilder: year for current age structurmity

1 # Control rule method (1=west coast adjust ¢&tshdjust F)

0.4 # Control rule Biomass level for constant §ftac of Bzero, e.g. 0.40)

0.1 # Control rule Biomass level for no F (as foa@zero, e.g. 0.10)

1 # Control rule fraction of Flimit (e.g. 0.75)

-1 # Placeholder: maximum annual catch duringdase (not coded yet)

0 # Implementation error: O=none, 1=add errootedast (not coded yet)

0.1 # Placeholder: SD of log(realized F/targeinFfprecast (not coded yet)

2 # fleet allocation (in terms of F) (1=use enpgttern, no read; 2=read below)
0.4663  0.5337 # relative F for forecast when ugingeasons; fleets within season
0 # Number of manual forecast catches to input

999 # End forecast file

B R R R
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# 2009 base case hake control file

# Morphs
1 # N growth patterns
1 # N sub morphs within patterns

# Time block setup

# Number of block designs for time varying parterse
# Blocks in design 1: Length at age 12
# Blocks in design 2: VBK

# Blocks in design 3: US peak

# Blocks in design 4: US ascending width
# Blocks in design 5: US final

# Blocks in design 6: CAN peak

# Blocks in design 7: CAN ascending width
1984 2008 # Block design 1: Length at age 12
1980 1986 # Block design 2: VBK

1999 2008

1981 1984 # Block design 3: US peak

1985 1988

1989 1992

1993 1996

1997 2000

2001 2004

2005 2008

1960 1980 # Block design 4: US ascending width
1981 1984

1985 1988

1989 1992

1997 2000

2001 2004

2005 2008

1984 2000 # Block design 5: US final

2001 2008

1981 1984 # Block design 6: CAN peak

1985 1988

1989 1992

1993 2000

2001 2004

2005 2008

1960 1984 # Block design 7: CAN ascending width
1989 2000

2001 2004

2005 2008

RONNNNREN

# Mortality and growth specifications
0.5 # Fraction female (birth)

1 # M setup: O=single parameter,1=breakpoints,2ethpen,3=age-specific;4=age-specific,seasonal iolipn

2 # Number of M breakpoints

1315 # Ages at M breakpoints

1 # Growth model: 1=VB with L1 and L2, 2=VB with0Aand Linf, 3=Richards, 4=Read vector of L@QA
2 # Age for growth Lmin

12 # Age for growth Lmax

0.0 # Constant added to SD of LAA (0.1 mimics SSfrlcompatibility only)

0 # Variability of growth: 0=CV~f(LAA), 1=CV~f(A) 2=SD~f(LAA), 3=SD~f(A)

1 # Maturity option: 1=length logistic, 2=age ldigs 3=read vector of age-maturity

1 # First age allowed to mature

1 # Fecundity option

1 # MG parm offset option: 1=none, 2= M,G,CV_G #sai from GP1, 3=like SS2v1

1 # MG parm adjust method 1=do V1.23 approach, @4agistic transform between bounds approach

# Lo Hi Init Prior Prior Prior Param Env Use Dev \De

block

# bnd bnd value mean type SD phase var dev minyr axym SD

switch
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0.05 0.6 0.23 0.23 -1 99 -5 0 0 0 0
0 # M to age 13
0.2 0.8 0.63 0.23 -1 99 4 0 0 0 0
0 # M at age 15
10 40 32.0 32 -1 99 -5 0 0 0 0
0 # Length at age 2
30 70 53.0 50 -1 99 4 0 0 0 0
0 # Length at age 12
0.1 0.7 0.33 0.3 -1 99 4 0 0 0 0
0 # VBK
0.03 0.16 0.066 0.1 -1 99 -5 0 0 0 0
0 # CV of length at age 2
0.03 0.16 0.062 0.1 -1 99 -5 0 0 0 0
0 # CV of length at age 12
# Add 2+2*gender lines to read the wt-Len and n&t-parameters
-3 3 7.0E-06 7.0E-06 -1 99 -50 0 0 0 0
0 # W-L slope
-3 3 29624 29624 -1 99 -50 0 0 0 0
0 # W-L exponent
-3 43 36.89 36.89 -1 99 -50 0 0 0 0
0 # L at 50% maturity
-3 3 -0.48 -0.48 -1 99 -50 0 0 0 0
0 # Logistic maturity slope
-3 3 1.0 1.0 -1 99 -50 0 0 0 0
0 # Eggs/gm intercept
-3 3 0.0 0.0 -1 99 -50 0 0 0 0
0 # Eggs/gm slope
# pop lines For the proportion assigned to eaca are
0 2 1 1 -1 99 -50 0 0 0 0
0 # placeholder only
0 2 1 1 -1 99 -50 0 0 0 0
0 # placeholder only
0 2 1 1 -1 99 -50 0 0 0 0
0 # placeholder only
0 2 1 1 -1 99 -50 0 0 0 0
0 # placeholder only
# Block parameter setup
1 # O=one par for all; 1= one par for each
# Lo Hi Init Prior Prior Prior Param
# bnd bnd value mean type SD phase
# Length at age 12
-2 2 -0.05 0 0 0.01 4
# VBK
-2 2 -0.14 0 0 0.01 4
-2 2 0.10 0 0 0.01 4
# Seasonal effects on biology parameters
0000000000 # placeholder only
# Spawner-recruit parameters
3 # S-R function: 1=B-H wiflat top, 2=Ricker, 3=stlard B-H, 4=no steepness or bias adjustment
# Lo Hi Init Prior Prior Prior Param
# bnd bnd value mean type SD phase
11 21 15.4 15 -1 99 4 # Ln(RO)
0.2 1 0.85 0.777 2 0.113 4 # Steepness with Mpeis
1.0 2.0 11 11 -1 99 6 # Sigma-R
-5 5 0 0 -1 99 -50 # Env link coefficient
-5 5 0 0 -1 99 -50 # Initial eqilibrium recruitntesffset
0 2 0 1 -1 99 -50  # Autocorrelation ic devs

0 # index of environmental variable to be used
0 # env target
1 # rec dev type

# Recruitment deviations
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1962 # Start year standard recruitment devs

2007 # End year standard recruitment devs

1 # Rec Dev phase

1 # Read 11 advanced recruitment options: 0O=nogd=y

-5 # Start year for early rec devs

-9 # Phase for early rec devs

6 # Phase for forecast recruit deviations

1 # Lambda for forecast recr devs before endyr+1

1961 # Last recruit dev with no bias_adjustment

1962 # First year of full bias correction (lineamp from year above)

2006 # Last year for full bias correction in_MPD
2007 # First_recent_yr_nobias_adj_in_MPD

-7 # Lower bound rec devs
7 # Upper bound rec devs
0 # Read init values for rec devs

# Fishing mortality setup

0.1 # F ballpark for tuning early phases

1999 # F ballpark year

1 # F method: 1=Pope's; 2=Instan. F; 3=Hybrid

0.9 # Max F or harvest rate (depends on F_Method)

# Init F parameters by fleet

#LO HI INIT PRIOR PR_type SD PHASE
0 1 0.0 0.01 -1 99 -50

0 1 0.0 0.01 -1 99 -50

# Catchability setup

# A=do power: 0=skip, survey is prop. to abundadeeadd par for non-linearity

# B=env. link: O=skip, 1= add par for env. effeat@

# C=extra SD: O=skip, 1= add par. for additive ¢ansto input SE (in In space)

# D=type: <O=mirror lower abs(#) fleet, 0=no paisQnedian unbiased, 1=no par Q is mean unbiasezbtidsate par for In(Q)
# 3=In(Q) + set of devs about In(Q) for all geal=In(Q) + set of devs about Q for indexyr-1

# E=Units: O=numbers, 1=biomass

# F=err_type O=lognormal, >0=T-dist. DF=input value

#ABCDEF

# Create one par for each entry > 0 by row in fel3

0 0 0 0 1 0 # US fishery
0 0 0 1 0 # Can Fishery
0 0 0 2 1 0 # Acoustic survey
0 0 0 2 0 0 # Juv survey
0 0 0 0 1 0 # Ghost Acoustic Survey
0 0 0 0 1 0 # Ghost US Fishery
0 0 0 0 1 0 # Ghost Can Fishery
0 0 0 0 1 0 #CA1
0 0 0 0 1 0 #CA2
0 0 0 0 1 0 #CA3
0 0 0 0 1 0 #CA4
#LO HI INIT PRIOR PR_type SDPHASE
-5 0.5 -0.3566749 0 -1 0.4 5 # Acoustic survey
-15 0 -8.0 0 -1 99 -5 # Pre-recruit survey
#_SELEX_& RETENTION_PARAMETERS
# Size-based setup
# A=Selex option: 1-24
# B=Do_retention: 0=no, 1=yes
# C=Male offset to female: 0O=no, 1=yes
# D=Mirror selex (#)
#ABCD
# Size selectivity
0 0 0 0 # US Fishery
0 0 0 0 # CAN Fishery
0 0 0 0 # Acoustic survey
32 0 0 0 # Pre-recruit survey - index density irelegent recruitment
0 0 0 0 # Ghost acoustic
0 0 0 0 # Ghost US Fishery
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0 0 0 0 # Ghost Can Fishery

0 0 0 0 # Hist CA fishery 1st quarter

0 0 0 0 # Hist CA fishery 2nd quarter

0 0 0 0 # Hist CA fishery 3rd quarter

0 0 0 0 # Hist CA fishery 4th quarter

# Age selectivity

20 0 0 0 # US Fishery

20 0 0 0 # CAN Fishery

20 0 0 0 # Acoustic survey

10 0 0 0 # Pre-recruit survey - index density irelegent recruitment

15 0 0 3 # Ghost acoustic

15 0 0 1 # Ghost US Fishery

15 0 0 2 # Ghost Can Fishery

20 0 0 0 # Hist CA fishery 1st quarter

20 0 0 0 # Hist CA fishery 2nd quarter

20 0 0 0 # Hist CA fishery 3rd quarter

20 0 0 0 # Hist CA fishery 4th quarter

# Selectivity parameters

# Lo Hi Init Prior Prior Prior Param Env Use Dev \De Dev Block
block

# bnd bnd value mean type SD phase var dev minyr axym SD design
switch

# US Fishery Age-based double Normal selectivity

2.0 15 6.0 8.0 -1 99 2 0 0 0 0 0 3
1 # Peak age

-9.0 3.0 -2.0 -1.5 -1 9 5 0 0 0 0 0 0 0
# Top (logistic)

-9.0 15.0 3.0 3.0 -1 99 2 0 0 0 0 0 4
1 # Asc. width (exp)

-9.0 15.0 8.020 -1 9 -2 0 0 0 0 0 0 1 Desc.

width (exp)

-2000 5.0 -1002 -1.0 -1 99 50 0 0 0 0 0 0 0
# Initial = 0.0 < age 2

-5.0 5.0 -1.0 .45 -1 99 2 0 0 0 0 0 5
1 # Final (logistic)

# Canadian Fishery Age-based double Normal selgctiv

2.0 15 8.0 8.0 -1 99 2 0 0 0 0 0 6
1 # Peak age

-9.0 3.0 -2.0 -1.5 -1 99 -5 0 0 0 0 0 0
0 # Top (logistic)

-9.0 15.0 3.0 3.0 -1 99 2 0 0 0 0 0 7
1 # Asc. width (exp)

-9.0 150 8.020 -1 9 -2 0 0 0 0 0 0 1 Desc.

width (exp)

-2000 5.0 -1002 -1.0 -1 99 50 0 0 0 0 0 0 0
# Initial = 0.0 < age 2

-5.0 10.0 -1.0 .45 -1 99 2 0 0 0 0 0 0
1 # Final (logistic)

# Acoustic Survey Age-based double Normal selegtivi

2.0 15 6.0 8.0 -1 99 2 0 0 0 0 0 0
0 # Peak age

-9.0 3.0 -2.0 -1.5 -1 99 -5 0 0 0 0 0 0
0 # Top (logistic)

-9.0 9.0 4.0 3.0 -1 99 2 0 0 0 0 0 0
0 # Asc. width (exp)

-9.0 9.0 3.0 20 -1 99 -2 0 0 0 0 0 0 0
#DESC WIDTH exp

-2000 5.0 -1002 -1.0 -1 99 -50 0 0 0 0 0 0
0 # Initial = 0.0 < age 2

-5.0 5.0 -0.0 .45 -1 99 2 0 0 0 0 0 0
0 # Final (logistic)

# Hist CA fishery 1st quarter Age-based Double Nalrselectivity

0.0 15 5.0 8.0 -1 99 -5 0 0 0 0 0 0
0 # Peak age

-9.0 3.0 -2.0 -1.5 -1 99 -5 0 0 0 0 0 0
0 # Top (logistic)
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-9.0 9.0 8.99 3.0 -1 99 -5
0 # Asc. width (exp)

-9.0 9.0 3.020 -1 99 -5 0
# Desc. width (exp)

-2000 5.0 -1002 -1.0 -1 99 -50 0
# Initial = 0.0 < age 2

-5 5 4.99 0.45 -1 9 5 0
# Final (logistic)

# Hist CA fishery 2nd quarter Age-based Double Nalraelectivity

2.0 15 5.0 8.0 -1 99 -5
0 # Peak age

-9.0 3.0 -2.0 -1.5 -1 99 -5
0 # Top (logistic)

-9.0 9.0 3.0 3.0 -1 99 5
0 # Asc. width (exp)

-9.0 9.0 3020 -1 99 -5 0
# Desc. width (exp)

-2000 5.0 -1002 -1.0 -1 99 -50 0
# Initial = 0.0 < age 2

-5 5 4.99 0.45 -1 99 5 0
# Final (logistic)

# Hist CA fishery 3rd quarter Age-based Double Nalrselectivity

2.0 15 5.0 8.0 -1 99 -5
0 # Peak age

-9.0 3.0 -2.0 -1.5 -1 99 -5
0 # Top (logistic)

-9.0 9.0 3.0 3.0 -1 99 5
0 # Asc. width (exp)

-9.0 9.0 275 2.0 -1 99 -5
0 # Desc. width (exp)

-2000 5.0 -1002 -1.0 -1 99 500
# Initial = 0.0 < age 2

-5 5 4.99 0.45 -1 99 5 0
# Final (logistic)

# Hist CA fishery 4th quarter Age-based Double Nairselectivity

2.0 15 5.0 8.0 -1 99 5 0
# Peak age

-9.0 3.0 -2.0 -1.5 -1 9 5 0
# Top (logistic)

-9.0 9.0 8.99 3.0 -1 99 -5
0 # Asc. width (exp)

-9.0 9.0 3.020 -1 99 5 0 0

width (exp)

-2000 5.0 -1002 -1.0 -1 99 500
# Initial = 0.0 < age 2

-5 5 -1.5 0.45 -1 9 5 0
# Final (logistic)

# Selectivity block parameter setup

0 # 0=one parameter for all; 1=one parameter foh ea

# Lo Hi Init Prior Prior Prior Param

# bnd bnd value mean type SD phase

-10 10 0 0 -1 99 3

1 # Block adjust method: 1=standard; 2=logistiasrto keep in base parm bounds

0 # Tagging flag: O=no tagging parameters,1=regditg parameters

### Likelihood related quantities ###
1 # Do variance/sample size adjustments by fleet (1
#US CAN Ac Pre GG G CAl1 CA2 CA3 CA4 # Qumnent

0 0 0 00000 O O O #&antadded toacoustic survey CV

0 0 0 00000 O O O #&antaddedtodiscardSD

0 0O 0O 0 0000 O O O #s&wantadded tobodyweightSD
0.091.041.410 000 1.401.40 1.40 1.40 #iptiektive scalar for length comps
1.701.783.270 0000 0 O O #tiplidative scalar for agecomps

0 0 0O 0 0000 O O O #tiplitative scalar for length at age obs
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30 # Discard df

30 # Mean weight df
1 # Lambda phasing: 1=none, 2+=change beginnippase 1
1 # Growth offset likelihood constant for Log(s¥kidclude, 2=not

4 # N changes to default Lambdas = 1.0

# Component codes:

# 1=Survey, 2=discard, 3=mean body weight

# 4=length frequency, 5=age frequency, 6=Weigtddency
# T=size at age, 8=catch, 9=initial equilibriuntcba

# 10=rec devs, 11=parameter priors, 12=parametes d
# 13=Crash penalty

# Component fleet/survey phase value wtfreq_otkth
141 0.0 1# Pre-recruit survey data fleet 4

551 0.0 1 # Ghost Age data Acoustic fleet 5

561 0.0 1 # Ghost Age data US fleet 6

5710.01# Ghost Age data CAN fleet 7

0 # SD reporting switch
999 # End control file

BRI R R
# 2009 hake base case data file
### Global model specifications ###

1960 # Start year
2008 # End year

1 # Number of seasons/year

12 # Number of months/season

1 # Spawning occurs at beginning of season
2 # Number of fishing fleets

9 # Number of surveys

1 # Number of areas

US_Fishery%CAN_Fishery%Acoustic_Survey%Prerec_Suh@host_acoustick%eGhost_US%Ghost_ CAN%Hist CA1%Hi82%Hist CA3
%Hist_CA4

0.50.50.50.0001 0.50.50.50.125 0.375 0.62%333%# _surveytiming_in_season

11111111111 #Areaofeach fleet

11 # Units for catch by fishing fleet: 1=Biomas$)@=Numbers(1000s)
0.01 0.01 # SE of log(catch) by fleet for equilibni and continuous options

1 #_Ngenders

15 #_Nages

### Catch section ###
# Initial equilibrium catch (landings + discard) fishing fleet
00 #_init_equil_catch_for_each_fishery

43 # Number of lines catch data
# Landed catch (only) time series by fleet
# Catch(by fleet) YearSeason

124680 12435 1979
72352 17584 1980
114760 24361 1981

# US CAN
137000 700 1966 1
177662 36713 1967 1
60819 61361 1968 1
86280 93851 1969 1
159575 75009 1970 1
127913 26699 1971 1
74133 43413 1972 1
147513 15126 1973 1
194109 17150 1974 1
205656 15704 1975 1
231549 5972 1976 1
127502 5191 1977 1
98372 5267 1978 1
1
1
1
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75577 32157 1982
73150 40774 1983
96332 42109 1984
85439 24962 1985
154964 55653 1986
160448 73699 1987
160698 88106 1988
210996 94920 1989
183800 75992 1990
217505 89753 1991
208576 88334 1992
141222 58213 1993
252729 108800 1994
177589 72181 1995
212901 93174 1996
233423 91792 1997
232817 87802 1998
224522 87333 1999
208418 22402 2000
182377 53585 2001
132115 50796 2002
143492 62090 2003
210487 124185 2004
259199 100462 2005
266957 93726 2006 1

224529 86315 2007 1

247797 74220 2008 1

PR RPRRPRRRRRRRRERBERRERRRRRRERREREPRRER

20 #_N_cpue_and_surveyabundance_observations
#_year seas index obs se(log)
# Acoustic survey

1977 1 3 1915000 0.5
1980 1 3 2115000 0.5
1983 1 3 1647000 0.5
1986 1 3 2857000 0.5
1989 1 3 1238000 0.5
1992 1 3 2169000 0.25
1995 1 3 1385000 0.25
1998 1 3 1185000 0.25
2001 1 3 737000 0.25
2003 1 3 1840000 0.25
2005 1 3 1265000 0.25
2007 1 3 879000 0.25

# Pre-recruit index
2001 1 4 820.81 0.4245

2002 1 4 357.08 0.2298

2003 1 4 791.57 0.3142

2004 1 4 1659.21 0.2816

2005 1 4 383.40 0.2691

2006 1 4 208.59 0.1757

2007 1 4 68.38 0.1317
4

2008 1 138.36 0.1713
2 #_discard_type
0#_N_discard_obs

0 #_N_meanbodywt_obs

## Population size structure
3 # Length bin method: 1=Use data bins,
# 2=generate from min/max/width read below
# 3=Read count and vector below
62 # Count of population bins
# Lower edge of bins
91011121314 151617 18 19 20 21 22 23 246257228 29 30 31 32 33 34 35 36 37 38 39 40 413424445 46 47 48 49 50 51 52 53 54 55
56 57 58 59 60 61 62 63 64 65 66 67 68 69 70

-1 # Minimum proportion for compressing tails ofsebved compositional data
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0.001 # Constant added to expected frequencies
0 # Combine males and females at and below thisinnber

51 # N_LengthBins

# Lower edge of bins

202122 2324 2526 27 28 29 30 31 32 33 34 357388 39 40 41 42 43 44 45 46 47 48 49 50 51 524585 56 57 58 59 60 61 62 63 64 65 66
67 68 69 70

92 # N_Length_obs

#Yr Seas Flt/Svy Gender Part Nsamp datavector(fmale)

# US fishery

1975 1 1 0 0 13 0.0000 0.0000 0.0000 0.1310 0.4138.4138 0.6101
0.6101 0.3291 0.7411 15447 0.9566 4.6455 4.0107.1898 53717 3.0869 2.8926 2.0167
1.0373 4.3164 4.0849 7.0859 7.4219 7.1653 7.1658.9098% 4.0224 5.0698 2.3889 3.2625
1.2916 3.4063 0.0000 1.1843 1.0342 0.3465 0.4138.873a 0.9032 0.3465 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.1310 0.1742.0000

1976 1 1 0 0 249 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0016
0.0000 0.0056 0.0033 0.0383 0.0461 0.0619 0.0983.2608 0.2710 0.4635 0.5851 0.9688
1.7104 2.6494 3.7108 5.1325 56852 6.3574 6.5997.6618 6.7014 6.7809  6.7467 6.3412
6.0203 5.7434 5.0318 4.0850 2.9869 2.1415 1.3175.17438 0.7971 0.5916 0.4178 0.3714
0.2021 0.3217 0.1198 0.0626 0.1229 0.0766 0.0428.492a

1977 1 1 0 0 1071 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0018 0.0134.0376 0.0706 0.1661 0.4152 0.6903
1.1624 1.8450 2.7529 4.3062 5.5899 5.8003 7.0414.6587 8.0144 8.2014 8.0120 7.8118
7.2003 6.2315 4.7967 3.7873 2.7235 1.7045 1.2366.8199 05163 0.3222 0.2985 0.1799
0.1885 0.1195 0.0886 0.0573 0.0324 0.0296 0.0462.0296

1978 1 1 0 0 1135 0.0000 0.0137 0.0335 0.0204 @.0180.0129 0.0269
0.0195 0.0268 0.0177 0.0119 0.0196 0.0000 0.00520068 0.0000 0.0232 0.0374 0.1341
0.4019 1.1005 1.8736 3.2463 4.8921 6.2182  7.2486.1818 8.5122 8.8032 8.7842 8.3771
7.6130 6.8721 5.5053 3.9908 2.9505 1.7999 1.1040.6053 0.4234 0.2603 0.2115 0.1333
0.0826 0.1005 0.0837 0.0252 0.0539 0.0204 0.0118.0858

1979 1 1 0 0 1539 0.0037 0.0097 0.0000 0.0000 6.0040.0116  0.0377
0.1272 0.2419 0.3627 0.6064 0.9330 1.0785 1.2116.3609 1.1767 1.0738 0.9737 0.8697
0.7638 1.0134 1.2884 21901 3.1243 4.4482 555055906 7.3083 7.4803 7.3508  7.1915
6.8207 6.1776  5.2697 44570 3.4610 2.5085 1.9857.384Y 1.0024 0.6851 0.4921 0.3971
0.2037 0.1600 0.1547 0.1172 0.0869 0.0479 0.0772.1276

1980 1 1 0 0 811 0.0091 0.0023 0.0015 0.0000 0.0073.0000 0.0000
0.0087 0.0126 0.0458 0.0204 0.0433 0.1149 0.22285250 0.7315 1.2779  2.1458  3.0350
3.7493 4.1531 4.0760 4.3104 4.0557 4.3473 4.6273.0778 5.6263 5.8858 6.0686 5.8665
5.5856 5.4307 5.0389 43970 3.5729 24554 201794818 1.1084 0.7881 0.5016  0.3861
0.4173 0.1653 0.1672 0.1005 0.0862 0.0783  0.0779.0960

1981 1 1 0 0 1093 0.0800 0.1084 0.3599 0.7080 8.9931.3236 1.4714
1.4205 1.1953 0.9210 0.5505 0.3604 0.3151 0.1801.1889 0.2756 0.5729  0.9527 1.7359
29281 4.0255 5.0184 5.6197 6.0028 6.2402 6.22280966 5.8936 5.4876 5.3678 5.1780
4.8316 4.1992 3.4228 2.5465 1.9163 1.4854 1.0655.5759 0.4974 0.3794 0.2661 0.1841
0.1667 0.1191 0.0804 0.0909 0.0528 0.0518 0.0368.2368

1982 1 1 0 0 1142 0.0012 0.0006 0.0006 0.0069 8.0270.0623  0.1581
0.3195 0.4785 0.7517 1.1521 1.7236 2.2861 2.4465.4852 2.2689 2.0172 1.5572 1.1535
1.1139 1.6668 2.6606 3.7590 4.8387 5.2255 5.33554258 53001 5.2641 5.1765 5.0040
48301 45324 41043 35769 3.1039 2.2985 1.89914468 1.2094 0.8385 0.6099 0.4744
0.3877 0.2877 0.1802 0.1433 0.1309 0.0730 0.0768.128a

1983 1 1 0 0 1069 0.0000 0.0000 0.0000 0.0000 0.0000.0019 0.0039
0.0049 0.0079 0.0489 0.1747 0.4093 0.9641 198600672 3.7988 4.5641 5.0988 5.4378
5.5811 5.4899 5.2058 4.8753 4.4715 4.3545 4.5081.6308 4.5736 4.3279 4.1003 3.7933
3.3540 3.0048 25516 2.1759 1.7089 1.3795 0.9958721@ 0.5140 0.4447 0.4355 0.3254
0.2806 0.1772 0.1214 0.0937 0.0720 0.0499  0.0400.0738

1984 1 1 0 0 2035 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0105 0.0637.2676 0.8974 2.4412 4.6053  7.0343
8.2610 8.8066 8.8926 8.7328 8.0202 6.4816 5.1629.86280 4.4832 4.1105 3.7143  3.0779
2.4524 1.9414 1.4921 1.0246 0.7090 0.4861 0.3571.2398 0.2084 0.1822 0.1480 0.1098
0.1142 0.0654 0.0783 0.0392 0.0748 0.0613 0.05182390

1985 1 1 0 0 2061 0.0087 0.0274 0.0648 0.1319 @.2160.3147 0.4723
0.5712 0.7749 0.8416 0.8311 0.7368 0.6614 0.4257.287Q 0.2003 0.2466 0.5571 1.2729
29829 58356 7.8579 8.7403 9.0648 8.9656 8.57795892 6.4114 54273 45509  3.8589
29729 23139 1.7167 1.2206 0.8974 0.6230 0.37982779 0.1994 0.1635 0.1281  0.0756
0.1044 0.0668 0.0528 0.0551 0.0356 0.0388 0.0281.1439
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1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

1
0.0200
2.7946
2.3423
0.0599

0.0046
6.4771
2.5218
0.0346

0.0258
5.6799
2.2118
0.0650

0.0110
3.2026
2.4235
0.0574

0.0011
5.3464
2.7834
0.0621

0.0188
4.2063
2.4196
0.1272

0.0962
1.8875
1.8284
0.0267

0.0070
6.2361
1.3580
0.0061

0.0000
4.4610
2.6141
0.0257

0.0198
1.1955
3.6818
0.0556

0.0148
3.8879
2.1185
0.0192

0.0000
6.5930
1.2148
0.0086

0.0018
6.3878
0.8679
0.0034

0.0562

1

0.0693
3.0905
1.8172
0.0422
1

0.0057
6.8780
1.8452
0.0404
1

0.0340
7.6535
1.6226
0.0289
1

0.0275
5.4862
1.8394
0.0486
1

0.0165
6.1623
1.6893
0.0564
1

0.0188
4.7795
1.6501
0.0789
1

0.1170
3.7787
1.2047
0.0317
1

0.0000
5.8973
0.5706
0.0025
1

0.0015
5.8132
1.4632
0.0226
1

0.0000
2.3724
2.8972
0.0218
1

0.0575
4.0162
1.4007
0.0183
1

0.0000
9.1337
0.7188
0.0097
1

0.0050
6.7259
0.5270
0.0132
1

0.1532

0 0 3878 0.0000
0.1515 0.3138 0.5911  1.1404
5.3259 7.2056 8.0638  8.2040
13727 1.0227 0.6270  0.4857
0.0187  0.0227 0.0287  0.0125
0 0 3406 0.0007
0.0063 0.0188 0.0204  0.0694
6.9840 7.1824 7.5291  7.5888
1.3414 0.9380 0.5999  0.3987
0.0319 0.0267 0.0229  0.0186
0 0 3035 0.0007
0.0449 0.0486 0.0299  0.0550
8.5678 8.8030 8.8150 8.6617
1.0448 0.8112 0.4643  0.3538
0.0369 0.0335 0.0233 0.0179
0 0 2581 0.0005
0.1121  0.3024 0.6741  1.0166
7.6096 8.4166 8.5480  8.5158
12021 0.9268 0.6719  0.4551
0.0286  0.0164 0.0259  0.0302
0 0 2039 0.0000
0.0335 0.0560 0.1147  0.2150
6.6671  7.1218 7.7462  7.9435
1.1798 0.7962  0.5256  0.3690
0.0224 0.0350 0.0320 0.0178
0 0 817 0.0253
0.0064  0.0447 0.1253 0.2715
59500 6.1653 6.8269  8.1632
13979 1.2589 1.1846  1.1067
0.0680 0.0615 0.0107 0.0326
0 0 836 0.0281
0.1903  0.2537  0.4457  0.6030
5.8426  7.3393  8.9692  10.0915
0.7084  0.4253 0.3018 0.2260
0.0166  0.0102 0.0082 0.0162
0 0 442 0.0000
0.0000 0.0082 0.1118 0.0949
5.3501 5.8937 7.2187  8.3169
0.4606  0.3049 0.2458 0.1720
0.0025 0.0047 0.0000 0.0576
0 0 649 0.0000
0.0141 0.0015 0.0170 0.0052
6.9431 7.4792 8.1627  8.4792
1.0154 0.6571  0.4624  0.2675
0.0176  0.0132 0.0044  0.0019
0 0 470 0.1038
0.0000 0.0091 0.0078 0.0571
44641 6.6707 9.0914 10.4171
18339 1.2249 0.8681 0.5701
0.0338 0.0073 0.0208 0.0036
0 0 557 0.0000
0.0624 0.3453 0.9726  1.5831
43223 45049 58851  7.4956
0.7752  0.5304 0.3100 0.2074
0.0234  0.0000 0.0000 0.0104
0 0 681 0.0000
0.0000 0.0004 0.0129 0.0242
10.3301 10.9611 10.6951 9.1385
0.4538 0.3833 0.2249  0.2018
0.0081 0.0552 0.0051  0.0000
0 0 803 0.0000
0.0307  0.1578 0.5719  1.1926
7.5506 8.9308 9.1918  8.9787
0.3689  0.2026  0.1499 0.1612
0.0171  0.0161 0.0014  0.0454
0 0 2268 0.0028
0.3180 0.7684 1.1024  1.6890
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0.0016  0.0013 0.0000 G.0010.0028
211112822 3.7332 3.8731  3.7860
8.01805398 6.3690 4.9986  3.8386
0.3479.242@  0.1877  0.1401  0.1158
0.0215.0526

0.0003  0.0003  0.0034 @.0010.0011
0.2387.628@¢ 1.1515 2.2635 4.1013
7.4579.1477 6.4886  5.4910 4.4749
0.3065.1802 0.1242  0.0990  0.0605
0.0088.043a

0.0000  0.0000 0.0000 @.0010.0093
0.0644.1620  0.3887  0.8553  1.5375
8.3324.0698 7.2917  6.1416  4.5565
0.2647.209¢ 0.1601  0.0876  0.0695
0.0229.0740

0.0067  0.0011  0.0040  6.0040.0000
124332878 1.1719 1.1842  1.3513
8.3558.1198  7.4837 6.5009  5.1206
0.2600.2198  0.2046  0.1429  0.0997
0.0163.0570

0.0000  0.0000  0.0000  0.0000.0000
0.3131.6840  1.0370 1.6040  2.5415
8.0196.9224 7.6186  6.9470 5.6783
0.2677.2136  0.1416  0.0824  0.0778
0.0174.070Q

0.0066  0.0046  0.0095  0.0000.0000
0.4231.8148  1.2033 2.0136  2.9728
8.4062.7522  7.8287  6.3656  4.8131
0.9981.8320  0.6915 0.3356  0.2210
0.0170.055@

0.0667  0.0757 0.0833  0.0840.0681
0.7764.1068 1.3336  1.8384  2.0298
10.25¢®512  9.4832  7.3533  5.4802
0.1613126@ 0.0848 0.0840  0.0563
0.0065.0938

0.0000  0.0000 0.0000  0.0000.0000
0.4661.029¢  1.9220 3.7253  4.5722
8.6226.8048  7.5067  7.1225  4.6537
0.11250270 0.0518 0.0266  0.0349
0.0000.0086

0.0000  0.0000 0.0000  0.0000.0000
0.0191.0810 0.1821  0.6538 1.5734
9.39484858  8.9230 7.8291  5.9172
0.1930.1728  0.1298 0.1028  0.0608
0.0104.0450

0.0228 0.0198 0.0284  0.0350.0357
0.0912.1238 0.1013  0.2443  0.2585
10.4798.8746 9.6864  8.4629  6.6830
0.5399.2670  0.2461 0.1648  0.1209
0.0000.0018

0.0000  0.0000 0.0000  0.0000.0000
3.02038218  4.7231  4.1074  3.4972
8.5752.2382 7.4850 6.1778  4.4124
0.23741246  0.0495 0.0525 0.0369
0.0000.0380

0.0000  0.0000 0.0000  0.0000.0054
0.0621.1670  0.5697 1.1618  2.5034
8.24%6.7816  5.6553  4.4197  3.4122
0.0783.107¢  0.0375 0.0815  0.0931
0.0129.0138

0.0019 0.0000 0.0356  0.0312.0000
1.8658.8962 2.1940 3.1873  4.9169
7.9720525@ 5.1066  3.8389  2.3801
0.1050.0570  0.0861  0.0879  0.0039
0.0000.0642

0.0000  0.0000 0.0030  ©.0080.0298
2.45984548 4.0658 5.0615  5.8249

0.0096
3.3537
3.0525
0.0973

0.0010
5.6298
3.4480
0.0629

0.0120
3.2362
3.2785
0.0400

0.0043
1.8609
3.5657
0.0843

0.0000
3.9025
3.7969
0.0709

0.0037
3.5959
3.4933
0.1430

0.0818
1.6095
3.2085
0.0546

0.0000
6.2424
2.7273
0.0235

0.0000
3.1216
4.1409
0.0196

0.0357
0.5044
5.2642
0.0787

0.0151
3.3323
3.4555
0.0385

0.0000
4.2684
2.0201
0.1300

0.0000
5.9828
1.5499
0.0120

0.0088
6.6752
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6.3233
1.0083
0.0106
2000 1
0.0779
2.6461
3.7409
0.0832
2001 1
0.0450
3.6980
3.3034
0.0517
2002 1
0.0005
8.8163
2.2683
0.0584
2003 1
0.0000
8.0242
0.7129
0.0138
2004 1
0.0000
1.4590
1.2653
0.0102
2005 1
0.0000
0.6107
0.8477
0.0096
2006 1
0.0849
1.9977
1.1155
0.0278
2007 1
0.0898
1.1528
1.8856
0.0483
2008 1
0.1279
7.5883
2.9931
0.0364
# Canadian fishery
1988 1
0.0012
0.8217
4.0676
0.0926
1989 1
0.0008
0.1029
3.8031
0.0644
1990 1
0.0000
0.2445
3.8082
0.1571
1991 1
0.0000
0.1961

6.6134
0.7842
0.0125
1

0.1520
4.1004
25171
0.0432
1

0.0368
4.1295
2.0719
0.0206
1

0.0005

10.7909

1.8634
0.0544
1

0.0300

11.1703

0.4354
0.0066
1

0.0007
3.7500
0.6564
0.0581
1

0.0000
1.1091
0.4493
0.0076
1

0.1161
3.4644
0.5196
0.0354
1

0.1579
1.2516
0.9790
0.0184
1

0.2075
7.4040
1.8650
0.0248

2

0.0000
1.6591
3.0620
0.0635
2

0.0000
0.3302
2.5146
0.0415
2

0.0000
0.6916
2.6119
0.0847
2

0.0000
0.2554

6.1512
0.4498
0.0187
0
0.3576
4.7630
1.7399
0.0291
0
0.1065
4.9045
1.5149
0.0268
0
0.0009

12.1021

1.5485

0.0301
0

0.0000

11.9985

0.2866
0.0076
0
0.0016
7.0232
0.3878
0.0045
0
0.0030
2.4939
0.3130
0.0067
0
0.1820
4.1244
0.2754
0.0148
0
0.3023
1.9565
0.6219
0.0114
0
0.2284
5.8294
1.2504
0.0126

0
0.0026
3.0254
2.1469
0.0281

0
0.0000
1.1841
1.9580
0.0313

0
0.0000
0.8924
1.7409
0.0648

0
0.0000
0.5079

0

0

0

0

0

0

0

0

0

0

0

0

0

1.5526
0.0497

0.0230
1.9467
5.2995
0.0844

0.0049
3.3389
4.3308
0.0731

0.0000
5.4078
2.6154
0.0636

0.0000
4.6812
1.1599
0.0162

0.0000
0.6135
1.7989
0.0158

0.0000
0.5751
14521
0.0129

0.0995
1.1048
1.9392
0.0251

0.0384
1.4620
3.9688
0.0220

0.1415
6.2008
4.3737
0.0474

0.0000
0.4999
5.2416
0.0926

0.0000
0.0729
5.3460
0.0985

0.0000
0.1169
6.0184
0.1927

0.0000
0.1335

6.1289 6.7057 6.9914 7.0649.3138 4.8892 3.6905 2.3132
0.3077 0.1635 0.1629 0.1472054@ 0.1511 0.0529  0.0800
0.0165 0.0089 0.0198  0.0152.0650

2199 0.0008 0.0000 0.0000 0.0000 0.0000.0049
0.3585 0.3253 0.2198 0.2314.2139 0.3953 0.6127 1.1692
5.8897 6.8340 8.3000 9.5471.8429 9.2381 8.5885 6.6670
12479 0.7236  0.4943 0.52283619 0.2084  0.1557 0.1254
0.0261 0.0251 0.0104  0.0289.0260

2239 0.0040 0.0047 0.0000 0.0142  0.0040.0144
0.2524 0.5181 0.7379  1.09205401 2.4071  3.1572 3.3718
5.9444 63796 6.9969  7.3855.0238 8.2212 7.5621 5.8676
0.9362 0.6821 0.4124  0.2491.1608 0.1745 0.1023  0.0504
0.0330 0.0073 0.0166  0.0030.016Q

1821 0.0000 0.0000 0.0000 0.0000  0.0000.0153
0.0349  0.0455 0.0237 0.0205.1192 0.3983 0.9800 2.6734
11.2284 9.1867 6.7869  5.1604.4545 3.5139 3.1230 2.9931
11389 0.7967 0.4894  0.38722213 0.1985 0.1627 0.1216
0.0271  0.0061 0.0231 0.0117.0366

1915 0.0000 0.0000 0.0000 0.0000 0.0000.0000
0.0000 0.0387 0.0022 0.0769.0808 0.1733 0.9888  2.3873
12,9450 12.6406 10.5481278.0 5.3379 3.5339 2.3350 1.6809
0.2158 0.1281 0.1050 0.0474.059¢  0.0310 0.0171  0.0142
0.0093 0.0099 0.0000 0.0080.014G

2797 0.0000 0.0000 0.0000 0.0000 0.0000.0000
0.0038 0.0089 0.0000 0.0000.0082 0.0131 0.0296 0.1831
11.1220 14.3372 15.4579 714.7810.8375 7.4020 4.8577  2.7464
0.2692  0.2233  0.2484  0.0934.0338 0.0283 0.0757 0.0703
0.0151 0.0173 0.0045 0.0044.0760

3064 0.0039 0.0031 0.0026  0.0020  0.0000.0023
0.0024 0.0063 0.0239 0.0509.0916 0.1204 0.1841  0.4387
6.2652 12.8750 18.8037 18.4425.5383 9.6723 5.1798 2.7770
0.1687 0.1364 0.0896 0.0711.047@ 0.0281  0.0267  0.0180
0.0072  0.0038 0.0045 0.0044.0176

2824 0.0080 0.0112 0.0136 0.0303  0.0380.0436
0.3199 0.3412 0.4424 0.6127.595@ 0.4830 0.5777 0.8092
5.3737 8.2206  12.9583 15.6928.2216 11.1138 7.0618  4.1189
0.1379  0.1278 0.0776 0.1017.0682 0.0344 0.0414  0.0425
0.0260 0.0123 0.0161  0.0074.0926

2936 0.7915 0.0932 0.0502 0.0665 6.0720.0426
0.4876 09153 13500 1.6763.7752 1.7866  1.8838  1.6279
3.2215 52290 7.9868  11.54B5.1474 13.7874 10.0416 6.2371
0.3572  0.2097 0.1553  0.1589.0589  0.0893 0.0639  0.0571
0.0112 0.0051 0.0046 0.0018.0469

4393 0.0066  0.0071 0.0059 0.0261  0.0610.0906
0.2358  0.4577 0.8917  1.4951.7772  2.0294 23977  3.6479
42896 3.5710 4.0102 55131.2468 8.0764 7.4739  5.9879
0.7588  0.5447 03135 0.2519.155@ 0.1293 0.0514 0.0910
0.0247  0.0149 0.0036 0.0121.0189

38 0.0000 0.0000 0.0000 0.0015 0.0042.0013
0.0047 0.0016 0.0109 0.0287.034¢  0.1011 0.1622 0.2725
52973 7.5743 9.8487  11.8018.9507 10.6459 8.8695 6.9198
16566 1.2806 0.8882 0.62134338 0.3289 0.2480 0.1422
0.0175 0.0131 0.0143 0.0048.014G6

43 0.0040  0.0000 0.0000 0.0000 0.0000.0000
0.0000 0.0000 0.0000 0.0079.0039 0.0013 0.0116 0.0234
3.6208 7.3076  11.0626 13.9104.3775 12.2475 10.0729 7.4976
13638 0.8697 0.6090 0.48482969 0.2583 0.2076  0.1215
0.0347 0.0133 0.0026  0.0093.031@

33 0.0025 0.0000 0.0000 0.0000 0.0000.0000
0.0000 0.0000 0.0000 0.0000.0146 0.0089 0.0665 0.0878
19520 4.6396  8.2469  13.1456.1195 14.6946 12.1628 8.7682
11643 0.8935 0.7293 0.4191.370@ 0.2793  0.2472  0.1841
0.0653 0.0228 0.0194  0.0370.035Q

56 0.0020  0.0000 0.0000 0.0000 0.0000.0000
0.0031 0.0100 0.0000 0.0033.007@ 0.0033 0.0288 0.0615
0.7854 13650 3.2862  6.66291.0335 14.2636 15.4089 13.1927 9.9821

Draft
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1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

7.0393
0.1119

0.0000
0.0170
3.9245
0.0495

0.0014
0.0581
2.2775
0.0200

0.0009
0.0403
5.6153
0.0687

1.2639
0.0034
5.8628
0.0482

0.0000
2.0055
3.5570
0.0397

0.0283
0.9009
4.5583
0.0810

0.0000
19114
1.4915
0.0258

0.0057
2.8403
2.8442
0.0396

0.0000
1.9613
6.0299
0.2007

0.0095
0.0359
11.8996
0.2782

0.0000
0.0620
12.5335
0.4071

0.0000
0.0000
4.3829
0.2269

0.0000
0.2258
2.6686
0.0548

4.8797
0.0769
2

0.0000
0.1428
2.3324
0.0532
2

0.0103
0.2378
1.3447
0.0028
2

0.0027
0.1377
3.4957
0.0405
2

0.6258
0.0068
3.5750
0.0518
2

0.0000
1.5635
2.0126
0.0297
2

0.0240
21714
3.0897
0.0760
2

0.0000
3.1067
0.9287
0.0235
2

0.0316
3.0093
1.7230
0.0642
2

0.0000
2.4665
4.6940
0.1381
2

0.0067
0.0413

3.3430 2.1798
0.0668  0.0524
0 0
0.0000  0.0000
0.4641  1.4115
1.3938 0.8834
0.0353  0.0125
0 0
0.0061  0.0079
0.6761  1.7934
0.7572  0.4675
0.0151  0.0076
0 0
0.0026  0.0015
0.3263  0.7286
2.2325  1.5106
0.0392  0.0236
0 0
0.1966  0.0873
0.0722  0.2495
24331  1.2689
0.0412  0.0355
0 0
0.0069  0.0168
1.2560 1.4221
1.1256  0.7121
0.0245  0.0246
0 0
0.0361  0.0300
3.9752  6.0868
2.2322  1.5336
0.0483  0.0550
0 0
0.0000  0.0291
4.6458  7.7507
0.5946  0.3971
0.0122  0.0057
0 0
0.0521  0.1189
3.6328  4.6785
1.1824  0.7861
0.0204  0.0157
0 0
0.0000  0.0002
3.4212  4.4835
3.5788  2.7613
0.0794  0.0489
0 0
0.0587  0.2057
0.0228  0.1328

10.4744 8.4391  6.5580

0.2220
2

0.0000
0.0081

12.7077

0.2684
2

0.0000
0.2505
3.3957
0.0750
2

0.0022
0.6649
1.7630
0.0269

0.1321  0.1047
0 0

0.0000  0.0000
0.0366  0.1599
11.0521 8.9671
0.1780  0.1428
0 0

0.0000  0.0091
1.1718  2.9946
21501  1.5351
0.0465  0.0194
0 0

0.0021  0.0056
1.9245 48011
1.1389  0.7698
0.0236  0.0117

1.4970
0.0185
60
0.0015
3.5680
0.5575
0.0261
60
0.0053
4.2474
0.3220
0.0100
76
0.0000
1.8425
0.9776
0.0318
43
0.0440
0.9728
0.9287
0.0100
54
0.0622
2.7105
0.4531
0.0090
102
0.0346
7.3180
1.0943
0.0183
94
0.0055
10.9445
0.2716
0.0036
136
0.3614
6.2507
0.5753
0.0201
16
0.0115
5.4263
1.9144
0.0472
72
0.2672
0.3029
4.7269
0.0273
103
0.0000
0.2942
6.8943
0.0868
118
0.0000
5.7363
1.2581
0.0403
101
0.0015
9.4218
0.6081
0.0218

1.0171
0.0272
0.0000
0.0000
7.2311
0.3640
0.0057
0.0102
0.0019
9.5096
0.2047
0.0072
0.0391
0.0017
4.1592
0.6701
0.0200
0.5433
0.0292
2.6665
0.6043
0.0000
0.0024
0.1235
5.4517
0.2665
0.0115
0.0000
0.0303
8.2774
0.7586
0.0299
0.0000
0.0152

13.0675

0.2143
0.0029
0.0000
0.7028
8.1427
0.4115
0.0028
0.0000
0.0269
6.1167
1.6095
0.0230
0.0000
0.2541
0.7079
3.5529
0.0319
0.0000
0.0116
0.4882
5.5104
0.0675
0.0000
0.0376
9.9890
1.0889
0.0334
0.0021
0.0062
13.3395
0.4042
0.0183

Draft

0.75795600 0.3871  0.3152 0.2666  0.1598
0.0168.0320

0.0000 0.0000 0.0000 0.0000.0000  0.0000
0.0000.0000 0.0017 0.0017 0.0070  0.0113
11.7796.0994 16.7776 14.5902 10.6207 6.6180
0.2610.2268  0.1462  0.1277 0.1166  0.0871
0.0117.042a

0.0000 0.0000 0.0017  0.0000.0014  0.0000
0.0014.0030  0.0054  0.0045  0.0070  0.0187
15.5218.1337 17.8105 12.9661 7.8210  4.2887
0.1464.1056  0.0596  0.0460  0.0213  0.0202
0.0031.0106

0.0037 0.0033 0.0034 0.0028.0051  0.0019
0.0023.0016 0.0090 0.0121  0.0202  0.0211
8.20003.3817 16.8869 16.0807 12.8616 9.0190
0.4595331@¢ 0.2424 0.1778 0.1279  0.0899
0.0084.0378

0.5663 15444  2.8853  2.8408.0367 2.0194
0.0483.025@¢ 0.0278  0.0167  0.0000  0.0000
5.35741578  12.8613 14.7039 12.3917 9.3775
0.4867.357@  0.3214  0.1383 0.1170  0.0715
0.0113.0150

0.0000 0.0000 0.0000 0.0000.0000  0.0000
0.2794.4614¢ 0.8566 1.3516 1.9391  2.2300
10.2072.0882 15.4694 13.5617 9.5714  6.3589
0.2264.155@  0.0981  0.0831 0.0799  0.0618
0.0090.024a

0.0000 0.0045 0.0045 0.0178.0095 0.0180
0.0320.0190 0.0136  0.0307  0.1000  0.2532
8.88460.36T6 10.7128 10.2442 8.6087  6.4056
0.6056.3728  0.2314  0.2456  0.1737  0.1118
0.0052.039a

0.0000  0.0000 0.0000 0.0000.0000  0.0000
0.0201.0300  0.0786  0.2148  0.4806  0.9896
18.7212.3742 9.4706  6.3908  4.2349  2.5262
0.12141008 0.0878  0.0475 0.0406  0.0232
0.0049.0096

0.0140 0.0037 0.0090 0.0010.0034  0.0066
1.1060.72132  1.9452 2.0639 2.0924  2.2368
10.3290.9685 10.3095 8.5619 6.2326  3.9248
0.2814.1936  0.1657  0.0846  0.1275  0.0871
0.0078.0104

0.0000 0.0000 0.0000 0.0000.0000  0.0000
0.07832220 0.5715 0.8796 1.3716  1.4679
6.3849.2244 81919 8.6751 8.1729  7.9389
1.1091.8600 0.6031  0.4619 0.4388  0.2513
0.0196.036@

0.0000  0.0000 0.0000 0.0000.0000  0.0000
0.2360.2768  0.1680 0.1071  0.0729  0.0268
1.4757.0338 5.7325 8.9079 11.2086 12.8480
253748422  1.1844  0.7793  0.5817  0.3953
0.0287.064Q

0.0000 0.0000 0.0000 0.0000.0000  0.0000
0.01680046  0.0046  0.0049  0.0295 0.0076
1.1396.3920 25956  4.8810 7.4663  10.1087
9.3512.7694  1.8741 15376 1.1212  0.6999
0.0483.0700

0.0078  0.0000 0.0000 0.0000.0000  0.0000
0.01680530 0.0391  0.0327 0.0427  0.0346
11.3883.8838 11.9749 10.6071 9.6759  6.2904
0.6767.5590  0.3709  0.3422 0.3288 0.1696
0.0069.0614

0.0000 0.0000 0.0000 0.0000.0000  0.0000
0.0079.0102 0.0059 0.0287 0.0284  0.0883
15.5264.0944 11.8361 9.0958  6.2083  4.1077
0.32242526  0.1392  0.1278  0.0905 0.0712
0.0096.0410
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2005 1
0.0000
0.0701
3.7296
0.0986
2006 1
0.0006
0.1024
6.3217
0.1914
2007 1
0.0000
0.0034
0.0594
0.0017
2008 1
0.0034
0.0120
0.0854
0.0010
# Acoustic survey
1977 1
0.0000
1.3716
7.4397
0.3671
1980 1
0.0000
6.1249
8.5483
0.1688
1983 1
0.0000
9.2408
2.8326
0.0580
1986 1
0.0003
0.0023
0.0166
0.0006
1989 1
0.0000
1.3694
0.9248
0.0178
1992 1
0.0000
0.2064
1.2286
0.0043
1995 1
0.0000
0.5451
1.2530
0.0056
1998 1
0.0000
3.6925
1.6519
0.0210
2001 1
0.0000
1.4485
0.8779
0.0841

2

0.0000
0.2991
2.3164
0.0455
2

0.0000
0.1601
4.1324
0.1281
2

0.0000
0.0063
0.0386
0.0017
2

0.0030
0.0212
0.0737
0.0022

3

0.0000
1.5932
6.5738
0.3117
3

0.0000
5.2689
8.1022
0.2411
3

0.0000
7.7084
2.2638
0.0116
3

0.0003
0.0039
0.0139
0.0004
3

0.0000
1.5472
0.5513
0.0178
3

0.0000
0.5554
0.5984
0.0014
3

0.0000
0.5222
0.8335
0.0032
3

0.0000
3.7927
1.0415
0.0125
3

0.0000
1.5298
0.6301
0.0565

0
0.0000
0.5674
1.4919
0.0433

0
0.0204
0.5107
2.7241
0.1315

0
0.0000
0.0072
0.0210
0.0005

0
0.0016
0.0131
0.0451
0.0011

0
0.0000
2.1543
5.2092
0.1940

0
0.0000
3.8582
6.2937
0.1206

0
0.0000
5.4678
1.8923
0.0116

0
0.0020
0.0113
0.0103
0.0002

0
0.0000
2.6143
0.3557
0.0356

0
0.0000
1.7227
0.4789
0.0000

0
0.0000
1.2059
0.3644
0.0024

0
0.0000
4.3047
0.7464
0.0035

0
0.0000
1.9460
0.4768
0.0314

0.0000
2.2474
1.1319
0.0322

0.0011
1.2618
2.1604
0.1141

0.0000
0.0181
0.0170
0.0009

0.0011
0.0172
0.0334
0.0000

0.0762
2.7847
3.8930
0.2078

0.0241
1.5192
4.7263
0.1326

0.0232
3.6568
1.4511
0.0580

0.0064
0.0382
0.0072
0.0002

0.0534
7.9673
0.2668
0.0000

0.9966
3.9070
0.2226
0.0000

0.2414
2.6843
0.2652
0.0091

19111
5.4560
0.4515
0.0053

1.3525
1.9285
0.3006
0.0243

130
0.0000
5.5402
0.7689
0.0013

136
0.0000
2.7040
1.5860
0.0468

167
0.0000
0.0308
0.0097
0.0002

188
0.0022
0.0144
0.0168
0.0000

85
0.1870
3.6021
2.7847
0.1316

49
0.0000
0.8922
3.0625
0.1206

35
0.0116
24611
0.8591
0.0116

43
0.0223
0.0693
0.0049
0.0001

22
0.0356

13.8182

0.1601
0.0000
43
1.0747
6.9265
0.1257
0.0000
69
0.3534
4.8278
0.1357
0.0226
84
2.3583
7.6075
0.3132
0.0059
49
4.1216
1.9610
0.2136
0.0261

0.0000
0.0000
9.6405
0.6852
0.0181

0.0000
0.0273
5.0533
1.0035
0.0870

0.0034
0.0000
0.0567
0.0101
0.0003

0.0000
0.0032
0.0217
0.0126
0.0004

0.0000
0.4156
4.1009
2.2582
0.0485

0.0000
0.0241
0.5426
2.0979
0.1085

0.0000
0.0348
2.1477
0.7198
0.0116

0.0000
0.0598
0.0909
0.0035
0.0003

0.0000
0.0000

16.6993

0.1067
0.0000
0.0000
1.1451
10.1668
0.1510
0.0000
0.0000
1.4379
6.9954
0.0966
0.0176
0.0000
2.7987
8.0688
0.2538
0.0084
0.0000
8.3658
1.8787
0.1543
0.0014

Draft

0.0000 0.0000 0.0010 0.0000.0030  0.0000
0.0000.0048 0.0021  0.0072  0.0201  0.0402
13.522%.5204 14.7159 11.1222 8.5734  6.1017
0.5564.3588 0.2161  0.1146  0.2099  0.0687
0.0074.107Q

0.0000 0.0000 0.0000 0.0000.0000  0.0430
0.0364.0360 0.0025 0.0017 0.0435 0.0119
8.40061.8521 14.1337 13.0027 11.9276 8.6126
0.9456.631@¢ 0.7092  0.4058  0.2925  0.2235
0.0301.1892

0.0002  0.0002 0.0002  0.0000.0000  0.0000
0.0002.0006  0.0005  0.0017  0.0038 0.0017
0.0763.1208  0.1430 0.1501  0.1002  0.0946
0.0059.0040 0.0029  0.0024  0.0016  0.0022
0.0001.0008

0.0000 0.0000 0.0000 0.0002.0004 0.0015
0.0059.012¢  0.0108  0.0129  0.0081  0.0153
0.0329.0602 0.0764  0.1226  0.1003  0.1239
0.0075.0080 0.0042  0.0054  0.0017  0.0033
0.0000.0000

0.0000 0.0000 0.0000 0.0000.0000  0.0000
0.40186308 0.6719 0.8313 1.2122  1.3716
439181676  6.9825  8.2433  9.4417  8.9983
178721158 0.8728 0.7551 0.5819  0.5611
0.0554.055@

0.0000  0.0000 0.0000 0.0000.0000  0.0000
0.07233136 0.6872 1.7483 3.7618 5.6909
0.7596.9050 3.2433 5.8235 8.3193  9.2838
1.5915.0851 0.6872 0.6028 0.4943  0.2773
0.0603.0606

0.0000 0.0000 0.0000 0.0000.0000  0.0000
0.42956369 4.1560 7.8941  10.5410 11.4465
2.4611.3668  4.0051  4.2141  3.8542  3.5407
0.4644.2786  0.3367 0.1741  0.1393  0.0929
0.0232.0000

0.0000 0.0000 0.0000 0.0000.0000  0.0001
0.1116.1156  0.0614  0.0239  0.0072  0.0033
0.0990.0670  0.0486  0.0372  0.0298  0.0229
0.0022.002a  0.0012  0.0007  0.0006  0.0005
0.0001.000Q

0.0000  0.0000 0.0000 0.0000.0000  0.0000
0.0356.1956  0.5513  1.9029  2.2230 2.1697
18.3251.4885 7.7361  4.6239  2.4898  1.6895
0.0178.14286 0.0000 0.0178  0.0000  0.0000
0.0000.0178

0.0000 0.0000 0.0000 0.0000.0000  0.0000
2.05232678 1.3747 0.7046  0.4705 0.1384
13.5084.4537 11.2977 7.4794 44176  2.5313
0.03180608 0.0354 0.0260 0.0126  0.0029
0.0000.0000

0.0000 0.0000 0.0000 0.0000.0000  0.0000
4.0874.1218  8.5327  6.1473 29749  1.2684
8.07743298  7.4855  6.1477  3.8777 25148
0.0656.053@ 0.0414 0.0348 0.0181  0.0073
0.0037.0030

0.0000 0.0000 0.0000 0.0000.0000  0.0000
297716342 19192 1.7780 25431  3.2512
8.4396.5478 6.2551  4.9928  3.5322  2.5057
0.1641.1156  0.0562  0.0557 0.0423  0.0236
0.0061.0136

0.0000 0.0000 0.0000 0.0000.0000  0.0000
14.6016.9774 14.2018 8.5876  3.5231 1.6717
2.2680.1502  2.2040 2.1926 1.9429  1.1800
0.1206.0550 0.0789  0.0185 0.0621  0.0381
0.0354.0680
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2003 1 3 0 0 71 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0944 0.1537 0.3314 0.4047.761a 0.6356 1.1926 1.0760 1.7630
1.7640 4.4833 7.5862 14.3289 14.8713 13.9081 20.087.4014 5.8903 3.9399 2.7178 1.9627
1.3133 0.9244 0.6519 0.4871 0.3781 0.2422 0.16931108 0.1016 0.0309 0.0101 0.0184
0.0231 0.0085 0.0160 0.0057 0.0028 0.0028 0.0046.0249

2005 1 3 0 0 49 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.5764 0.6518 2.2930 3.3930.9816 3.7852 2.8587 2.0472 1.2751
1.0973 1.1591 2.8742 4.7100 8.8084 14.7650 12.111P.1030 6.6716 5.1654 3.3105 1.6901
1.0512 0.6182 0.3690 0.1856 0.1908 0.1801 0.0734.031@ 0.0457 0.0478 0.0314 0.0335
0.0175 0.0161 0.0124 0.0118 0.0879 0.0000 0.0000.013Q

2007 1 3 0 0 69 0.0000 0.0000 0.0000 0.0000 0.0053.0021 0.0031
0.0074 0.0194 0.0291 0.0496 0.0587 0.0550 0.0488.031a 0.0250 0.0187 0.0101 0.0048
0.0056 0.0068 0.0096 0.0172 0.0300 0.0390 0.0641.083@ 0.0914 0.0843 0.0781 0.0423
0.0289 0.0183 0.0127 0.0068 0.0039 0.0018 0.0019.0016 0.0007 0.0010 0.0007 0.0007
0.0003 0.0003 0.0004 0.0002 0.0000 0.0000 0.0001.0008

# Historical CA fisheries

1963 1 8 0 0 13 0.0000 0.0000 0.0000 7.0000 5.00001.0000 11.0000
10.0000 9.0000 5.0000 7.0000 10.0000 8.0000 6.0000.0000 2.0000 1.0000 1.0000 5.0000
2.0000 1.0000 2.0000 3.0000 2.0000 0.0000 0.0000.0000 1.0000 0.0000 1.0000 2.0000
0.0000 1.0000 0.0000 0.0000 2.0000 1.0000 0.0000.0002 1.0000 0.0000 2.0000 0.0000
2.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000

1964 1 8 0 0 5 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000.0000 0.0000 0.0000 4.0000 2.0000
2.0000 2.0000 3.0000 3.0000 4.0000 2.0000 1.0000.0008 1.0000 2.0000 3.0000 2.0000
3.0000 3.0000 1.0000 3.0000 2.0000 0.0000 0.0000.0000 0.0000 1.0000 0.0000 0.0000
1.0000 1.0000 0.0000 1.0000 1.0000 0.0000 0.0000.0000

1966 1 8 0 0 1 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000.0000 0.0000 0.0000 2.0000 2.0000
0.0000 1.0000 2.0000 0.0000 0.0000 1.0000 0.0000.0000

1967 1 8 0 0 6 0.0000 0.0000 0.0000 0.0000 0.0000.0000 1.0000
1.0000 2.0000 3.0000 6.0000 4.0000 2.0000 0.0000.0000 2.0000 1.0000 1.0000 0.0000
1.0000 2.0000 1.0000 0.0000 0.0000 1.0000 1.0000.0000 0.0000 1.0000 0.0000 0.0000
1.0000 1.0000 1.0000 0.0000 3.0000 0.0000 3.0000.0002 2.0000 2.0000 3.0000 3.0000
2.0000 0.0000 0.0000 2.0000 0.0000 0.0000 1.0000.0000

1968 1 8 0 0 18 3.0000 1.0000 0.0000 0.0000 1.0000.0000 6.0000
10.0000 15.0000 11.0000 4.0000 5.0000 1.0000 @.002.0000 1.0000 5.0000 1.0000 4.0000
3.0000 2.0000 1.0000 1.0000 1.0000 3.0000 3.0000.0000 1.0000 1.0000 1.0000 2.0000
0.0000 1.0000 6.0000 2.0000 4.0000 2.0000 5.0000.0008 6.0000 9.0000 8.0000 3.0000
6.0000 6.0000 5.0000 3.0000 4.0000 2.0000 1.0000.0006

1969 1 8 0 0 38 3.0000 0.0000 14.0000 33.0000 86.0037.0000 10.0000
5.0000 3.0000 4.0000 2.0000 1.0000 3.0000 10.006@000 11.0000 5.0000 9.0000  14.0000
11.0000 4.0000 9.0000 9.0000 1.0000 2.0000 5.000R.0000 1.0000 0.0000 1.0000 4.0000
4.0000 1.0000 3.0000 4.0000 4.0000 6.0000 10.000M000 6.0000 12.0000 5.0000 10.0000
11.0000 5.0000 10.0000 4.0000 4.0000 1.0000 6.00003.0000

1970 1 8 0 0 39 4.0000 0.0000 9.0000 12.0000 20.0085.0000 24.0000
19.0000 10.0000 13.0000 10.0000 11.0000 14.0000.0000 8.0000 10.0000 7.0000 13.0000 10.0000
11.0000 7.0000 11.0000 10.0000 7.0000 8.0000 08.006.0000 3.0000 3.0000 5.0000 4.0000
1.0000 1.0000 3.0000 4.0000 3.0000 1.0000 1.0000.0000 4.0000 5.0000 2.0000 6.0000
3.0000 4.0000 4.0000 1.0000 3.0000 1.0000 3.00000.0000

1963 1 9 0 0 9 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 2.0000 1.0000 6.0000 6.0000 8.0000.0000 12.0000 9.0000 8.0000 9.0000
6.0000 3.0000 3.0000 1.0000 3.0000 2.0000 2.0000.0000 1.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000.0000

1966 1 9 0 0 14 0.0000 0.0000 0.0000 1.0000 0.0000.0000 0.0000
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000.0000 2.0000 0.0000 1.0000 1.0000
2.0000 0.0000 5.0000 3.0000 3.0000 7.0000 6.0000.0009 9.0000 11.0000 12.0000 9.0000
8.0000 7.0000 10.0000 8.0000 9.0000 2.000 2.0000.0008

1967 1 9 0 0 2 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000 0.0000 1.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000.0000 0.0000 2.0000 0.0000 2.0000
1.0000 1.0000 4.0000 1.0000 1.0000 0.0000 1.0000.0002
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1968

1969

1970

1963

1966

1967

1968

1969

1963

1964

1966

1967

1968

1969

1
1.0000
0.0000
1.0000
11.0000

1
6.0000
1.0000
1.0000
1.0000

1
6.0000
5.0000
2.0000
0.0000

1
0.0000
6.0000
18.0000
4.0000

1
0.0000
3.0000
11.0000
4.0000

1
5.0000
3.0000
9.0000
3.0000

1
0.0000
0.0000
11.0000
4.0000

1
1.0000
1.0000
0.0000
5.0000

1
0.0000
3.0000
1.0000
2.0000

1
0.0000
9.0000
6.0000
1.0000

1
3.0000
2.0000
2.0000
5.0000

1
4.0000
0.0000
1.0000
0.0000

1
17.0000
11.0000
5.0000
7.0000

1
10.0000

9
0.0000
3.0000
3.0000
7.0000
9
8.0000
1.0000
0.0000
3.0000
9
2.0000
2.0000
1.0000
0.0000
10
3.0000
4.0000
12.0000
1.0000
10
0.0000
3.0000
9.0000
6.0000
10
2.0000
10.0000
11.0000
3.0000
10
0.0000
2.0000
15.0000
7.0000
10
5.0000
3.0000
2.0000
6.0000
11
0.0000
1.0000
3.0000
1.0000
11
3.0000
10.0000
14.0000
1.0000
11
8.0000
1.0000
5.0000
7.0000
11
3.0000
0.0000
0.0000
0.0000
11
10.0000
11.0000
5.0000
2.0000
11
7.0000

0 0 12 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 1.0000 0.0000 0.0000 0.0000.0000 1.0000 0.0000 0.0000 0.0000
2.0000 2.0000 2.0000 1.0000 1.0000.0000 1.0000 1.0000 0.0000 4.0000
1.0000 4.0000 1.0000 2.0000  4.00000.0000 4.0000 5.0000 12.0000 4.0000
3.0000 6.0000 6.0000 8.0000 1.000D0.0000

0 0 14 2.0000 0.0000 0.0000 1.0000 7.00000.0000 10.0000
4.0000 9.0000 4.0000 0.0000 5.00000008 1.0000 4.0000 4.0000  3.0000
2.0000 1.0000 2.0000 0.0000 1.0000.0000 0.0000 0.0000 0.0000 0.0000
0.0000 3.0000 1.0000 1.0000 1.0000.0002 2.0000 3.0000 4.0000 3.0000
5.0000 3.0000 5.0000 1.0000 1.0000.0006

0 0 12 0.0000 0.0000 0.0000 0.0000 2.0000.0000 3.0000
1.0000 7.0000 12.0000 14.0000 1P.008.0000 5.0000 0.0000 3.0000 2.0000
2.0000 2.0000 2.0000 0.0000 3.0000.0002 2.0000 1.0000 2.0000 0.0000
1.0000 1.0000 0.0000 2.0000 0.0000.0000 1.0000 0.0000 1.0000  3.0000
1.0000 0.0000 0.0000 0.0000 0.0000.0000

0 0 24 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
1.0000 2.0000 0.0000 1.0000 0.0000.000R 1.0000 3.0000 2.0000 6.0000
8.0000 11.0000 9.0000  9.0000  13.006@000  8.0000  10.0000 15.0000 19.0000
16.0000 5.0000 4.0000 7.0000 ©.0008.0000 5.0000 2.0000 4.0000 1.0000
1.0000 1.0000 0.0000 1.0000  0.0000.0008

0 0 22 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 1.0000 0.0000 0.0000.0002 5.0000 0.0000 2.0000 1.0000
2.0000 4.0000 4.0000 5.0000 3.0000.0008 4.0000 4.0000 4.0000 16.0000
6.0000 16.0000 7.0000 16.0000 00.0015.0000 14.0000 13.0000 10.0000 7.0000
3.0000 1.0000 1.0000 1.0000 0.0000.0002

0 0 26 2.0000 0.0000 0.0000 0.0000 0.0002.0000 2.0000
2.0000 3.0000 2.0000 6.0000 6.0000.0000 18.0000 17.0000 22.0000 14.0000
5.0000 3.0000 4.0000 1.0000 2.0002.0000 4.0000 5.0000 2.0000 1.0000
6.0000 7.0000 7.0000 8.0000 8.0008.0000 14.0000 10.0000 7.0000 1.0000
4.0000 2.0000 2.0000 1.0000 1.0000.0008

0 0 31 0.0000 0.0000 1.0000 0.0000 0.0000.0000 1.0000
2.0000 0.0000 2.0000 1.0000 2.0000.0000 3.0000 2.0000 1.0000 2.0000
1.0000 1.0000 6.0000 4.0000 2.0000.0006 4.0000 7.0000 7.0000 12.0000
16.0000 11.0000 21.0000 27.0000.002@ 19.0000 21.0000 19.0000 22.0000 6.0000
5.0000 4.0000 2.0000 1.0000 1.0000.0008

0 0 12 1.0000 1.0000 1.0000  0.0000  0.0000.0000  2.0000
3.0000 5.0000 6.0000 5.0000 4.0000.0009 2.0000 2.0000 0.0000 1.0000
2.0000 1.0000 3.0000 0.0000 2.0000.0000 0.0000 2.0000 1.0000 2.0000
4.0000 3.0000 2.0000 3.0000 4.0000.0006  4.0000 3.0000 3.0000 2.0000
1.0000 1.0000 1.0000 5.0000  1.0000.0000

0 0 7 5.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000.0002 0.0000 1.0000 1.0000 1.0000
5.0000 5.0000 2.0000 2.0000 3.0000.0008 3.0000 2.0000 2.0000 2.0000
1.0000 3.0000 2.0000 2.0000 2.0000.0000 0.0000 3.0000 1.0000 2.0000
0.0000 1.0000 1.0000 0.0000  0.0000.0000

0 0 18 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
0.0000 1.0000 2.0000 0.0000 3.0000.0000 3.0000 8.0000 10.0000 5.0000
6.0000 5.0000 8.0000 8.0000 10.006@O000 6.0000 7.0000 6.0000  6.0000
10.0000 6.0000 4.0000 7.0000 0.0008.0000 2.0000 3.0000 0.0000 0.0000
0.0000 0.0000 1.0000 1.0000  1.0000.0000

0 0 23 0.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000
7.0000 13.0000 9.0000 16.0000 1R.006.0000 8.0000 4.0000 3.0000 2.0000
4.0000 4.0000 2.0000 2.0000 2.0000.0008 1.0000 5.0000 4.0000  4.0000
8.0000 9.0000 6.0000 8.0000 4.0000.0006 8.0000 12.0000 4.0000 2.0000
8.0000 2.0000 0.0000 1.0000 2.0000.0002

0 0 3 1.0000 0.0000 0.0000 0.0000 2.000R.0000  6.0000
1.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000 0.0000 1.0000 0.0000
1.0000 0.0000 0.0000 0.0000 0.0000.0000 0.0000 0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 1.0000 0.0000.0000 0.0000 1.0000 1.0000 0.0000
0.0000 1.0000 0.0000 1.0000 0.0000.0002

0 0 72 11.0000 9.0000 28.0000 55.00000088. 63.0000 31.0000
20.0000 12.0000 33.0000 44.0000.0086 20.0000 25.0000 27.0000 16.0000 16.0000
14.0000 10.0000 11.0000 9.0000 00@O. 6.0000 6.0000 3.0000 6.0000 4.0000
8.0000 0.0000 4.0000 3.0000 2.0000.0008 3.0000 8.0000 2.0000 9.0000
4.0000 1.0000 5.0000 2.0000 1.0000.0000

0 0 29 0.0000  4.0000 13.0000 22.0000 08©.0 26.0000 17.0000
6.0000 12.0000 4.0000 7.0000 7.000D.000C0  8.0000 4.0000 6.0000  3.0000
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7.0000 6.0000 10.0000 9.0000 4.0000 6.0000 3.0000.0000 2.0000 2.0000 2.0000 1.0000
3.0000 3.0000 4.0000 1.0000 1.0000 2.0000 2.0000.0008 2.0000 0.0000 1.0000 1.0000
1.0000 3.0000 0.0000 2.0000 0.0000 1.0000 0.0000.0000
1970 1 11 0 0 7 8.0000 1.0000 1.0000 0.0000  3.0008.0000 0.0000

9.0000 4.0000 4.0000 3.0000 0.0000 3.0000 3.0000.0000 4.0000 4.0000 3.0000 3.0000
0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0002 1.0000 0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 1.0000 0.0000 1.0000 0.0000.0000 1.0000 0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0000

14 # N_age_bins
# Age bins
23456789101112131415

36 #_N_ageerror_definitions

# Cohort and lab-specific tuned to 1.0 for norra5 for strong cohorts (77,80,84,99) and 0.8(hfoderate cohorts (70,73,87,90).

0.5 15 25 35 45 55 6.5 7.5 8.5 95 105 115 251
135 145 155

0.40439 0.40439 0.412684 0.3387032 0.437168 0.4540477873 0.507433 0.545548 0.594694 0.658063 90773 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 45 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.323512 0.412684 0.423379 0.3497344 04840.477873 0.507433 0.545548 0.594694 0.6580639071 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 45 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.3301472 0.423379 0.437168 0.3BOZ77873 0.507433 0.545548 0.594694 0.6580639071 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 45 55 6.5 7.5 8.5 95 105 115 251
135 145 155

0.40439 0.40439 0.412684 0.3387032 0.437168 0.45498822984 0.507433 0.545548 0.594694 0.6580639071 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 45 55 6.5 7.5 8.5 95 105 115 251
135 145 15.5

0.40439 0.40439 0.412684 0.423379 0.3497344 0.4549477873 0.4059464 0.545548 0.594694 0.6580639071 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 45 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.22241450.412684 0.423379 0.437168 0588B89.477873 0.507433 0.4364384 0.594694 0.6580639071 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 45 55 6.5 7.5 8.5 95 105 115 251
135 145 155

0.40439 0.40439 0.2269762 0.423379 0.437168 0.45408822984 0.507433 0.545548 0.4757552 0.6580639071 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.23285845 0.437168 04840.477873 0.4059464 0.545548 0.594694 0.52645(B9071
0.845126 0.980971 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251

135 145 155

0.40439 0.22241450.412684 0.423379 0.2404424 94840.477873 0.507433 0.4364384 0.594694 0.65806318168 0.845126
0.980971 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.2269762 0.423379 0.437168 0.280Q277873 0.507433 0.545548 0.4757552 0.6580639071 0.6761008
0.980971 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.23285845 0.437168 04840.26283015 0.507433 0.545548 0.594694 0.5264504
0.739771 0.845126 0.7847768 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.423379 0.2404424 0.4540477873 0.27908815 0.545548 0.594694 0.6580G318168
0.845126 0.980971 0.924904 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251

13.5 14.5 15.5
0.40439 0.2224145 0.412684 0.423379 0.437168 0230Q.477873 0.507433 0.3000514 0.594694 0.6580639071 0.6761008
0.980971 1.15613 1.105584
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0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.2269762 0.423379 0.437168 0.45494£6283015 0.507433 0.545548 0.3270817 0.6580639071
0.845126 0.7847768 1.15613 1.38198

0.5 15 2.5 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.23285845 0.437168 04840.477873 0.27908815 0.545548 0.594694
0.36193465 0.739771 0.845126 0.980971 0.924908198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.323512 0.412684 0.423379 0.2404424 04840.477873 0.507433 0.3000514 0.594694 0.6580@®687405
0.845126 0.980971 1.15613 1.105584

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.33014720.423379 0.437168 0.220Q277873 0.507433 0.545548 0.3270817 0.6580639071 0.4648193
0.980971 1.15613 1.38198

0.5 15 25 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.3387032 0.437168 0.45494£6283015 0.507433 0.545548 0.594694 0.36193465
0.739771 0.845126 0.53953405 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.323512 0.412684 0.423379 0.3497344 04840.477873 0.27908815 0.545548 0.594694 0.658063
0.40687405 0.845126 0.980971 0.6358715 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.33014720.423379 0.437168 0.3BOZ77873 0.507433 0.3000514 0.594694 0.6580639071 0.4648193
0.980971 1.15613 0.760089

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.3387032 0.437168 0.45498822984 0.507433 0.545548 0.3270817 0.6580639071 0.845126
0.53953405 1.15613 1.38198

0.5 15 2.5 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.423379 0.3497344 0.4540477873 0.4059464 0.545548 0.594694 0.36193465 739071
0.845126 0.980971 0.6358715 1.38198

0.5 15 2.5 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.423379 0.437168 0.3@803587873 0.507433 0.4364384 0.594694 0.65806D684405
0.845126 0.980971 1.15613 0.760089

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.423379 0.437168 0.454048822984 0.507433 0.545548 0.4757552 0.6580639077L 0.4648193
0.980971 1.15613 1.38198

0.5 15 25 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.423379 0.437168 0.4540487873 0.4059464 0.545548 0.594694 0.52645@9071 0.845126
0.53953405 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.423379 0.437168 0.4540487873 0.507433 0.4364384 0.594694 0.658063 18158 0.845126
0.980971 0.6358715 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.40439 0.412684 0.423379 0.437168 0.45404g7873 0.507433 0.545548 0.4757552 0.658063 90773 0.6761008
0.980971 1.15613 0.760089

0.5 15 2.5 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.40439 0.22241450.412684 0.423379 0.437168 04540.477873 0.507433 0.545548 0.594694 0.526453BO0V71 0.845126
0.7847768 1.15613 1.38198

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251
135 145 155

0.329242 0.329242 0.19080435 0.368632 0.395312809%2 0.468362 0.517841 0.57863 0.653316 0.74507B6R5D4
0.996322 1.1665  1.100456 1.305952

0.5 15 25 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 251

13.5 145 15.5
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0.329242

0.329242 0.346917 0.2027476 0.395312 09428).468362 0.517841 0.57863 0.653316 0.745076 78185 0.7970576
1.1665  1.37557 1.63244

0.5 1.5 2.5 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
13.5 14.5 15.5

0.329242 0.329242 0.346917 0.368632 0.2174216 091280.468362 0.517841 0.57863 0.653316 0.745076 78185 0.996322
0.9332 1.37557 1.63244

0.5 15 25 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
13.5 14.5 15.5

0.329242 0.329242 0.346917 0.368632 0.395312 04286@.468362 0.517841 0.57863 0.653316 0.74507%7818 0.996322
1.1665  1.100456 1.305952

0.5 1.5 2.5 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
13.5 14.5 15.5

0.329242 0.329242 0.346917 0.368632 0.395312 02802575991 0.517841 0.57863 0.653316 0.745076 78185 0.996322
1.1665 1.37557 1.63244

0.5 1.5 2.5 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
13.5 14.5 15.5

0.329242 0.2633936 0.346917 0.368632 0.395312 031280.468362 0.28481255 0.57863 0.653316 0.7450B57813
0.996322 1.1665 1.37557 1.63244

0.5 15 25 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
13.5 14.5 15.5

0.329242 0.329242 0.2775336 0.368632 0.395312 031280.468362 0.517841 0.3182465 0.653316 0.7450B57813 0.996322
1.1665  1.37557 1.63244

0.5 1.5 2.5 35 4.5 55 6.5 7.5 8.5 9.5 10.5 115 251
13.5 14.5 15.5

0.329242 0.329242 0.346917 0.2949056 0.395312 0928).468362 0.517841 0.57863 0.3593238 0.74507678188 0.996322
1.1665  1.37557 1.63244

2553 # Number of age comp observations usirtget=l length ranges

2 # Length bin refers to: 1=population length inidices; 2=data length bin indices

0 #_combine males into females at or below thisnbimber

# Yr Seas Flt/Svy Gender Part  Ageerr LbirLda_hi Nsamp datavector(female-male)

# US fishery

1973 1 1 0 0 1 1 51 60 0 0.26 0.045 0.101
0.187 0.117 0.107 0.1 0.048 0.021 0.009 0.005 0 0

1974 1 1 0 0 2 1 51 60 0.0044 0.0033 0.5066  0.0692
0.1198 0.1494 0.0868 0.0385 0.0121 0.0055 0.0033.0010 0 0

1975 1 1 0 0 3 4 4 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 5 5 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 6 6 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 7 7 2 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 8 8 2 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 9 9 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 10 10 3 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 11 11 5 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 12 12 3 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 13 13 5 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 14 14 2 0.9405 0.0595 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 15 15 4 0.9591 0.0409 O 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 16 16 4 0.9333 0.0667 O 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 17 17 5 0.7037 0.2963 0 0
0 0 0 0 0 0 0 0 0 0
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1975 1 1 0 0 3 18 18 5 0.683 0.317 0 0
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 19 19 3 0.2805 0.1569 O 0.5626
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 20 20 2 0 0.372 0 0.5
0 0.128 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 21 21 6 0 0 0.2381  0.7447
0.0172 O 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 22 22 10 0 0 0 0.9467
0.0533 O 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 23 23 9 0 0 0.1932  0.8068
0 0 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 24 24 9 0 0 0.0928  0.8553
0 0.0519 O 0 0 0 0 0 0 0

1975 1 1 0 0 3 25 25 10 0 0 0.07 0.8487
0.07 0 0.0112 O 0 0 0 0 0 0

1975 1 1 0 0 3 26 26 8 0 0 0 0.7783
0.1682 0.0268 0.0268 0 0 0 0 0 0 0

1975 1 1 0 0 3 27 27 9 0 0 0.0701  0.7221
0 0.0284 0.1094 0.0701 O 0 0 0 0 0

1975 1 1 0 0 3 28 28 7 0 0 0 0.2813
05318 0.0255 0.1614 O 0 0 0 0 0 0

1975 1 1 0 0 3 29 29 10 0 0 0 0.3104
0 0.4162 0.2145 0.0589 0 0 0 0 0 0

1975 1 1 0 0 3 30 30 8 0 0 0 0.0482
0.7822 0.1336 O 0 0.0361 O 0 0 0 0

1975 1 1 0 0 3 31 31 4 0 0 0 0.0999
0 0.7015 0.1987 O 0 0 0 0 0 0

1975 1 1 0 0 3 32 32 5 0 0 0 0.2871
0 0.0536  0.5823  0.077 0 0 0 0 0 0

1975 1 1 0 0 3 33 33 6 0 0 0 0
0 0.2769  0.4642 0.0426 0.1603  0.056 0 0 0 0

1975 1 1 0 0 3 35 35 2 0 0 0 0
0 0.7354 02646 O 0 0 0 0 0 0

1975 1 1 0 0 3 36 36 4 0 0 0 0
0 0.107 0.893 0 0 0 0 0 0 0

1975 1 1 0 0 3 38 38 1 0 0 0 0
0 1 0 0 0 0 0 0 0 0

1975 1 1 0 0 3 39 39 1 0 0 0 0
0 0 0 0 0 0 1 0 0 0

1975 1 1 0 0 3 40 40 2 0 0 0 0
0 0 02149 O 0 0.7851 O 0 0 0

1975 1 1 0 0 3 41 41 1 0 0 0 0
0 0 0 0 0 0 0 1 0 0

1975 1 1 0 0 3 49 49 1 0 0 0 0
0 0 0 0 0 1 0 0 0 0

1975 1 1 0 0 3 50 50 1 0 0 0 0
0 0 0 0 0 0 0 0 1 0

1976 1 1 0 0 4 3 3 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 4 4 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 5 5 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 6 6 3 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 7 7 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 8 8 4 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 9 9 5 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 10 10 4 0.978 0.022 0 0
0 0 0 0 0 0 0 0 0 0

1976 1 1 0 0 4 11 11 4 04381 05619 O 0
0 0 0 0 0 0 0 0 0 0
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1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0.

0026

[N

0.0014
1
0.011
1
0.0221
1
0.0213
1
0.067
1
0.0851
1
0.1132
1
0.115
1
0.2588
1
0.2305
1
0.2176
1
0.2764
1
0.3862
1
0.1962
1
0.2184
1
0.3916
1
0.1894
1
0.155
1
0.2445
1
0.1615
1
0.1153
1
0.1664
1
0.0121
1
0.0397

.0074

o o o o o o o
OO PCOCoOCoOPaOag0O00O o o o o o o o

o
o
p=s
[
[

0
0.0415
0

0.0348
0
0.0698
0
0.0229
0
0.1116
0
0.1089
0
0.2986
0
0.2629
0
0.1777
0
0.1757
0
0.2507
0
0.2162
0
0.2425
0
0.1514
0
0.2579
0
0.3462
0
0.1537

o o o o o o o
OO OCagOp00o0o o o o o o o o

o

OO0 ©O

0

0.0141
0
0

0.0369
0
0
0
0
0

0

o

0.008

0.0597

0.1706

0.055

0.1038

0.1766

0.1439

0

0

0.1725

0.1231

0

0

0

0

0

0

0.242

0.1723

0.3359

0.2624

0.204

0.2533

4 12
0 0
4 13
0 0
4 14
0 0
4 15
0 0
4 16
0 0
4 17
0 0
4 18
0 0
4 19
0 0
4 20
0 0
4 21
0 0
4 22
0 0
4 23
0 0
4 24
0 0
4 25
0 0
4 26
0 0
4 27
0 0
4 28
0 0
4 29
0.0062 O
4 30
0.0026 O
4 31
0.0319  0.0148
4 32
0.014 0.0001
4 33
0.0827  0.0558
4 34
0.1643  0.0013
4 35
0.0764  0.0424
4 36
0.0839  0.0514
4 37
0.1264  0.2008
4 38
0.3253  0.0384
4 39
0.1218  0.0376
4 40
0.1519  0.056
4 41

0.0721  0.0963

4

42

0.1268  0.0807

4

43

0.0525  0.1589

4

44

0.1572  0.0822

Draft

12 6 0.9558
0 0 0
13 8 0.7676
0 0 0
14 9 0.8393
0 0 0
15 10 0.4683
0 0 0
16 7 0.2113
0 0 0
17 13 0.2865
0 0 0
18 23 0.0739
0 0 0
19 26 0.0438
0 0 0
20 45 0.0606
0 0 0
21 58 0.0574
0 0 0
22 53 0.0024
0 0 0
23 55 0.0032
0 0 0
24 56 0.0057
0 0 0
25 54 0
0 0 0
26 47 0.0098
0 0 0
27 47 0
0 0 0
28 39 0
0 0 0
29 42 0
0.0029  0.0020
30 44 0
0 0 0
31 57 0
0.0065 0.0452
32 62 0
0.00830020. 0.019
33 60 0
0.002402%0. O
34 69 0
0.0547 0
35 64 0
0.0419.0650  0.0029
36 58 0
0.0152 038.0 O
37 67 0
0.0124.0048 O
38 65 0
0.03050232. O
39 62 0
0.00790422.  0.0085
40 57 0
0.02440273. O
41 56 0
0.0707 0.0067
42 48 0
0.0579.0026  0.0272
43 45 0
0.11080448. 0.0126
44 30 0
0.0756.101¢  0.0901

0.0442

0.1848

0.1607

0.5317

0.7887

0.7135

0.6708

0.6345

0.7007

0.7345

0.6833

0.7128

0.5527

0.3929

0.2632

0.1093

0.0219

0.0203

0.0476

0.2445

0.3195

0.2234

0.164

0.2001

0.1398

0.221

0.1663

0.122

0.2956

0.0193

0.0314

0.0107

0.0077

0.0034

0.0108

0.011
0.0225
0.0474
0.0135
0.0464
0.0789
0.056
0.0532
0.0511
0.0486
0.0115
0.0339
0.0206
0.0094

0.0339

0.0027

0.007
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1976

1976

1976

1976

1976

1976

1976

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

.0061

.0007

RPORO RO RO RO RO RO RO RO RO RO RO RO RO RO RO L0 O

o

.0077

=

0.0316

0.049

0.0543

0.1153

0.1106

0.1098

0.1526

0.2159

0.1582

0.1329

0.1081

0.07

0.0243

0.0421

[N

0.0191
1
0.035
1
0.0501
1
0.0915
1
0.2175
1
0.2577
1
0.4411
1
0.5996
1
0.4992
1
0.5998
1
0.5877
1
0.4946
1
0.478

1
0.3832
1
0.2342

0
0.2812

0.0677

0.3136

0.2074

0.1389

0.122

o

0.0301

.1701

Co0oCPCPoCPoCPCPoPoCPo o

.0023

co®o

.0029

.0007

OO0 gp0000O

oo
o
S
al
J

0.0085
0

0.0086
0
0.0615
0
0.0473
0
0.0393
0
0.0777
0
0.0951
0
0.1012
0
0.1841
0
0.2452
0
0.1788
0
0.1925

0 4 45
0.209 0.2408 0.1097
0 4 46
0.1629 0.2168 0.2329
0 4 47
0.0988 0.18 0.1342
0 4 48
0.0845 0.2476 0.2728
0 4 49
0.2733 0.2016 0.1612
0 4 50
0.1008 0.153 0.1807
0 51
0.1087 0.2296 0.1739
0 5 1
0 0 0
0 5 2
0 0 0
0 5 12
0 0 0
0 5 14
0 0 0
0 5 15
0 0 0
0 5 16
0 0 0
0 5 17
0 0 0
0 5 18
0 0 0
0 5 19
0 0 0
0 5 20
0 0 0
0 5 21
0.0018 0 0
0 5 22
0 0 0
0 5 23
0 0 0
0 5 24
0 0 0.0008
0 5 25
0 0 0
0 5 26
0.0036 0 0
0 5 27
0.0082 0.0064 0
0 5 28
0.006 0.0032 0.0114
0 5 29
0.0043 0.0038 0.0017
0 5 30
0.0358 0.0273 0.0055
0 5 31
0.0486 0.0014 0.0081
0 5 32
0.0655 0.0608 0.0035
0 5 33
0.1026 0.0622 0.0157
0 5 34
0.0972 0.0697 0.0189
0 5 35
0.2209 0.1037 0.0553
0 5 36
0.2045 0.1375 0.1001
Draft

45 36 0 0
0.0811 0.0170.0014 O
46 33 0 0
0.1623  0.1108.0088 O
47 33 0 0
0.1857 0.0385 0 O
48 33 0 0
0.1106  0.0425.0086  0.006
49 28 0 0
0.0161  0.1126.0325  0.0503
50 25 0 0
0.3805 0.0295 0.0336
51 71 0 0
0.21870758. 0.1333  0.023
1 1 1 0
0 0 0 0
2 1 1 0
0 0 0 0
12 2 08299 O
0 0 0 0
14 4 0.4537  0.0691
0 0 0 0
15 5 0.5662  0.4338
0 0 0 0
16 12 0.9224  0.0776
0 0 0 0
17 28 0.8125  0.1193
0 0 0 0
18 56 0.7772  0.1286
0 0 0 0
19 71 0.8142  0.0567
0 0 0 0
20 99 0.7333  0.1031
0 0 0 0
21 114 0.1644  0.2215
0 0 0 0
22 146 0.0923  0.159
0 0 0 0
23 141 0.0062  0.1476
0 0 0 0
24 160 0.0032  0.0716
0 0 0 0
25 160 0 0.0327
0 0 0 0
26 147 0 0.0484
0 0 0 0
27 142 0 0.0025
0 0 0 0
28 132 0 0.006
0 0 0 0
29 128 0 0.0023
0 0 0 0
30 136 0 0
0 0 0 0
31 123 0 0
0.0059.0016 0 0
32 135 0 0.0012
0.0007.0036 O 0
33 140 0 0
0.0011.0016 O 0
34 146 0 0
0.0046 20.00 O 0
35 147 0 0
00325 0 O 0
36 161 0.0019 O
0.0465.0246  0.0101 O

0.066

0.0941

0.1247

0.1617

0.5934

0.6948

0.7218

0.7254

0.6877

0.5472

0.4435

0.314

0.142

0.0793

0.0414

0.0281

0.0026

0.0099

0.0039

0.0011
38.017
0.0264
@.057
Q.094
0.1254
0.0594
0.1097
0.0613
0.0543
0.0593
0.0399
0.0149
0.0275
0.0043
0.0012

0.0022
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1977 1 1 0 0 5 37 37 139 0 0 0 0

0.0303 0.2215 0.1949 0.2289 0.1368 0.1083 0.0669.012¢ O 0

1977 1 1 0 0 5 38 38 131 0 0 0 0
0.0105 0.1675 0.21 0.1919 0.1204 0.2065 0.0814 108.0 O 0.0014

1977 1 1 0 0 5 39 39 94 0 0 0 0
0.0127 0.0573 0.3377 0.1953 0.1128 0.1185 0.1161.0436  0.003 0.0031

1977 1 1 0 0 5 40 40 95 0 0 0 0
0.0027 0.1283 0.1146 0.2983  0.138 0.1317  0.1481028¢. 0.0063  0.0033

1977 1 1 0 0 5 41 41 73 0 0 0 0.0055
0.0055 0.1773 0.0236  0.1405 0.1973 0.2013  0.1986.0418 0.0087 O

1977 1 1 0 0 5 42 42 60 0 0 0 0
0.0055 0.0499 0.0594 0.1587 0.2694 0.3643  0.0224.04%92 0.0105 0.0106

1977 1 1 0 0 5 43 43 52 0 0 0 0
0 0.0242 0.0512 0.1418 0.2557 0.3208 0.0729  0.1240.0086 O

1977 1 1 0 0 5 44 44 46 0 0 0 0
0.0073 0.0537 0.0821 0.2441 0.2116  0.2037 0.1287.0616 O 0.0073

1977 1 1 0 0 5 45 45 42 0 0 0 0
0 0.0824 0.0222 0.0767 0.2262 0.3032 0.1929 0.0608.0359 O

1977 1 1 0 0 5 46 46 23 0 0 0 0
0 0.0105 0.1508 0.1211 0.0848 0.1563 0.3663  0.110@ 0

1977 1 1 0 0 5 47 47 17 0 0 0 0
0 0 0.0114  0.237 0.0963 0.1037 0.3749 0.1767 O 0

1977 1 1 0 0 5 48 48 15 0 0 0 0
0 0 0.0365 0.2538 0.0771  0.1398 0.1929 0.2188 10.08 O

1977 1 1 0 0 5 49 49 18 0 0 0.0025 O
0 0 0 0.1157  0.2068  0.023 0 0.0788  0.1044  0.4688

1977 1 1 0 0 5 50 50 17 0 0 0 0
0 0.0159  0.0824 0.2843 0.1584 0.0198 0.3424  0.0968 0

1977 1 1 0 0 5 51 51 62 0 0 0 0
0 0 0 0.001 0.1218 0.1033 0.1904 0.3855 0.1219 760.0

1978 1 1 0 0 6 2 2 2 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 3 3 2 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 4 4 4 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 5 5 4 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 6 6 10 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 7 7 10 0.9898 0.0103 O 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 8 8 9 09835 0.0165 O 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 9 9 14 1 0 0 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 10 10 7 0.5882 04118 O 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 11 11 4 0.8627 01373 O 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 12 12 2 0.976 0.024 0 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 17 17 3 0.7052 0.2948 O 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 18 18 7 04619 05381 O 0
0 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 19 19 17 0 0.7421  0.2307  0.0196
0 0 0.0077 O 0 0 0 0 0 0

1978 1 1 0 0 6 20 20 51 0 0.6089  0.2035 0.1859
0.0016 O 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 21 21 88 0 0.5128 0.2425  0.2367
0.008 0 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 22 22 129 0 0.4106  0.1932 0.341
0.0551 O 0 0 0 0 0 0 0 0

1978 1 1 0 0 6 23 23 176 0 0.3421  0.2019 0.4112
0.0428  0.002 0 0 0 0 0 0 0 0
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1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1979

1979

1979

1979

1979

1
0.0451

0.062

0.1228

0.082

0.1041

0.0813

0.0663

0.0518

0.0496

0.0372

0.0124

0.0124

0.0041

0.0074

0.008

<IN Y= JINE = Y = T = JNNE = AT = UK = JNNE = NN JNNE = JNNE = AT = JNNE « JINE = JMNE = INE = SN

1
0.006
1
0.0236
1
0.0281
1
0.0933
1
0.122
1
0.2157
1
0.2068
1
0.2469
1
0.2608
1
0.1948
1
0.1427
1
0.1068
1
0.0583
1
0.0341
1
0.0577
1
0.0131
1
0.1187
1
0.0115

OO OO OO L OO RO OO O L0 L0 O

0
0.0112
0
0.0071
0
0.0192
0
0.0882
0
0.1837
0
0.2633
0
0.3783
0
0.4317
0
0.5014
0
0.4926
0
0.5319
0
0.4222
0
0.4449
0
0.3783
0
0.2728
0
0.2922
0
0.2963
0
0.1997
0
0.3197
0
0.172
0
0.1623
0
0.2144
0
0.3853
0
0.2756
0
0.1204
0
0.1328
0
0

S o
o
[y
[N

CoCPoCPoCoCPof

0.0042
0
0.0068
0
0.0003
0
0.034
0
0.0613
0
0.0854
0
0.1311
0
0.127
0
0.1921
0
0.1516
0
0.2106
0
0.228
0
0.253
0
0.2178
0
0.1645
0
0.1521
0
0.2205
0
0.2126
0
0.0597
0
0.0306
0
0.2195
0
0.0599
0
0
0
0.0247
0
0.0331

CoCPoCPoCPoCo

6 24
0 0
6 25
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6 35
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6 36
0.1747  0.0774
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0.1838 0.1191
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0.1737  0.1715
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0.1152  0.183
6 40
0.1354  0.0516
6 41
0.2698  0.2498
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0.14 0.1821
6 43
0.1766  0.183
6 44
0.2836  0.1779
6 45
0.3865 0.1814
6 46
0.0605  0.2906
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0.0207  0.1161
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6 49
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27 148 0 0.0133
0 0 0 0
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29 154 0 0
0 0 0 0
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0 0 0 0
31 147 0 0
0 0 0 0
32 156 0 0
0.0042.0018 0 0
33 184 0 0
0.0063 0 O 0
34 178 0 0
0.0105 0220 O 0
35 186 0 0
0.0122.001@ O 0
36 176 0 0
0.0427.0460 O 0
37 156 0 0
0.0224.0120 0.0312 O
38 115 0 0
0.0731 016.0 0.0113 O
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0.0585 0.0666.002@  0.0161
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0.1689  0.0088.003 0
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0.0247 0.1895 0.0336
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0.0319 0.0835 82040
45 26 0 0
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46 18 0 0
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47 14 0 0
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0 0 0 0
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0 0 0 0
7 2 1 0
0 0 0 0
8 2 1 0
0 0 0 0
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0 0 0 0
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8 29
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8 31
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8 32
0.1176  0.0062
8 33
0.1247  0.0518
8 34
0.1517  0.0357
8 35
0.2257  0.0585
8 36
0.213 0.0812
8 37
0.2105 0.1317
8 38
0.169 0.0124
8 39
0.3968  0.1686
8 40
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8 41
0.346 0.2652
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8 43
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30 85 0 0.0046
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31 90 0 0
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0.01480208¢ O 0.0045
34 94 0 0.0083
0.00920148. O 0.013
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36 102 0 0
0.0316 290.0 0.0012  0.0034
37 102 0 0
0.0288037@. 0.0235  0.0364
38 102 0 0
0.032  40.04 0.0102  0.0133
39 88 0 0
0.0737  0.041@8.0208  0.0259
40 52 0 0
0.0286  0.0183.0222  0.0251
41 60 0 0
0.19950810. O 0.0158
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43 27 0 0
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