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Executive Summary

Stock

Littleis known about the population structure of blackgill rockfish (Sebastes
melanostomus), however, larvae and juveniles circulate in the plankton for up seven
months and likely digperse over long distances before settling to the bottom. This
prolonged pelagic phase is consstent with the hypothesis of asingle biologicd (i.e.
genetic) population or sock aong the west coast. Over 90% of blackgill rockfish
landings are taken in the Conception and Monterey areas. The mgority of the stock
biomassin U.S. waters, based on research surveys, is distributed between the Mexican
border and Eureka, Cdifornia. As such, this assessment reports the status of the blackgill
rockfish resource off the coast of the United States in the Conception and Monterey areas
modeled as a single stock.

Catches

Blackgill rockfish are primarily harvested by commercia hook and line, set net
and trawl fisheries. Catches of blackgill rockfish are estimated from Conception and
Monterey INPFC areas from 1978-2004, while historic catches from 1977 back to 1950
are extrapolated based on aratio of blackgill rockfish to tota Cdiforniarockfish landings
by gear type taken from avariety of sources. Landingsincreased gradualy prior to the
mid-1970s, concurrent with increases in overdl rockfish landings in Cdifornia
Landingsin Conception and Monterey areas, combined, peaked in 1987 a over 1,100 mt
and have gradualy declined to the lowest levelsin the time series.

Table a. Recent commercid fishery landings by INPFC area.

Landingsby INPFC Area

Y ear Conception  Monterey Eureka Columbia  Vancouver Total
1995 276 74 2 8 6 366
1996 268 98 8 3 4 381
1997 159 112 1 5 9 286
1998 154 74 3 1 1 234
1999 26 23 7 5 3 64
2000 17 68 1 2 2 90
2001 49 79 2 2 0 132
2002 81 58 9 1 0 148
2003 125 61 3 2 1 192
2004 79 82 1 1 0 163
Total 1234 729 37 29 27 2056
Per cent 60% 35% 2% 1% 1% 100%
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Figure a. Recongtructed higtorical landings (mt), 1950-1977, and estimated landings of
blackgill rockfish. Stippled lines show higtoric catch levels examined for model
sengtivity.

Data and assessment

Thefirgt and last assessment for blackgill rockfish was conducted in 1998 with
catch data through 1997 (Butler et d. 1999). That assessment assumed a unit stock in
southern and central California (Conception INPFC area) and was based on a stock
reduction anadys's assuming congtant recruitment. The dynamics of this Smple mode
were tuned to average mortdity rates from catch curves and landings data. That
assessment did not explicitly estimate fishery sdectivity, dternaively assuming that it
mirrors maturity at Szefage, and as such estimated trends in fishable/mature biomass.
The current assessment has expanded the geographic range and tempora scope of the
previous assessment. In addition, time series of survey biomassindices, abeit short,
have been developed as a tuning index to approximate recent trends in stock biomass.
The time series of fishery landings has been extended back t01950 (extrapolated catches),
with actua estimated catches (which include discards) covering 1978 to 2004.
Additiond information on age and growth has been incorporated into the current
assessment to reflect improved ageing capabilities for blackgill. However, dueto limited
time-series of age data, alength-based mode was developed, athough growth parameters
are estimated within the modd. The modeling approach, Stock Synthesis 2 (Ver. 1.19),
takes advantage of fishery and survey length compositions to explicitly estimate
SHectivity.

Stock biomass and Recruitment
Given thetime series of determinigtic and stochastic recruitments, in combingation
with the fishery catches and life history parameters (growth, maturity and natura



mortality), the spawning stock biomass of blackgill rockfish is estimated to have declined

from a high of

9,500 mt in 1950 to alow of 4,797 mt in 1999. Since 1999, spawning

stock biomass has increased dightly to its present level of 4,977 mtin 2005. Since 1970
there have been severa strong year classes during the middle 1970sto early 1980s. The
recent 1991 and 1997 year classes are estimated to be greater than average.

Table b. Recent trend in blackgill rockfish spawning biomass and depletion leve.

Estimated
spawning ~ 95% confidence  Estimated ~ 95% confidence
Y ear biomass (mt) interval depletion interval
1995 4,961 4,791 - 6,660 51.5% NA
1996 4,895 4,724 - 6,604 50.8% NA
1997 4,823 4651 - 6,543 50.5% NA
1998 4,801 4,627 - 6,533 50.5% NA
1999 4,797 4622 - 6,541 51.3% NA
2000 4,879 4,704 - 6,637 52.0% NA
2001 4,938 4,761 - 6,708 52.3% NA
2002 4971 4792 - 6,754 52.5% NA
2003 4,990 4810 - 6,785 52.4% NA
2004 4,979 4,799 - 6,783 52.4% 42.1% - 62.5%
2005 4977 479 - 6,788 52.3% 42.0% - 62.4%
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Fgure b. Estimated spawning biomass time- series with approximate asymptotic 95%
confidence intervals.
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Figure c. Edimated recruitment to age-0 time-series.
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Figure d. Time series of estimated depletion level, 1950-2005.



Reference points

In terms of exploitation status, blackgill rockfish are presently above both the
target biomass leve (40% unfished biomass) and target fishing mortaity (50% SPR).
The full exploitation higtory is portrayed grgphicaly in Figure e and f, which plots for
each year the calculated spawning potentid ratio (SPR) and spawning biomass leve (B)
relaive to their corresponding targets;, F50% and B40%, respectively. Given life history
parameters and long term explaitation patterns, the fishing mortdity that reduces the
gpawning biomass to 50% of the unfished leve is referred to as F50%, which isthe
default Pacific Fishery Management Council proxy for Fysy. Similarly, the proxy for
Bmsy is gpawning biomass corresponding to 40% of an unfished stock.

Unfished Spawning Stock Biomass (SBy)  [9.503

Unfished Summary Age Biomass (Bo) 21,558
Unfished Recruitment (Rg) 1,378,000
Spawning Stock Biomassat MSY (SBry,) (3,799
Basis for SBysy (i.€ SB4gueproxy) SB40%
SPRms, OF Frmsy (Specify which) SPR

Basisfor SPRing Or Fingy (i.€. Fagyeproxy) [F50%
Exploi tat_l on R_ate corresponding to SPRs, 29%

or Frgy (if available)
MSY 223

Unexploited equilibrium spawning biomass (Bro) Of blackgill rockfishis
estimated to be 9,503 mt (~ 95% confidence interva: 7,235 — 12,734 mt), with amean
expected recruitment of 1,378 thousand age-0 fish. Maximum sugtaingble yidd (MSY),
as approximated by gpplication of the F50% harvest rate, is estimated in the assessment
model to be 223 mt (182-264 mt). Thisamount is dightly below the long-term average
catches and above the average catches for the last decade. The associated exploitation
rate at MSY is2.9%. The spawning stock biomass expected to produce MSY catch
levelswas 3,799 mt. Thisleve of exploitation was estimated to result in a pawning
potentid ratio (SPR) of 0.49.
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Figure e. Time series of estimated spawning potentid ratios. Council proxy default is
SPR=0.5.
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Exploitation status

The blackgill rockfish population is presently above the target biomass reference
level of 40% unfished and well above the minimum stock sze threshold of 25% unfished.
Based on measures of modd uncertainty, there is less than 5% probability that the stock

is bdow 25% unfished.

Tablec. Recent trend in spawning potentid ratio (SPR) and exploitation rate.

Estimated Exploitation
Year SPR Rate
1995 0.45 2.7%
1996 0.44 2.8%
1997 0.51 2.1%
1998 0.54 1.8%
1999 0.85 0.4%
2000 0.76 0.7%
2001 0.68 1.0%
2002 0.67 1.1%
2003 0.61 1.4%
2004 0.63 1.3%

Management Performance

Blackgill rockfish have been managed as part of the southern Sebastes complex
and aggregate ABCs and OY s are established from individual species component
harvest targets. While not explicitly estimated in the past assessment, the harvest
guideline corresponding to a proxy ABC for blackgill was set at 305 mt in 2000. While
the overdl level of discard of blackgill rockfish is unknown (only discard information

1995 1996 | 1997 | 1998 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Total Catch 357 376 | 277 | 236 | 49 89 | 134 | 143 | 189 | 168 -

Discards (model predicted) - - - - - - - - - -

Landings - - - - - -
ABC 305 | 305 | 305 | 305 | 305 | 305
QY * (if different from ABC) - - - - - 305 | 305 305 | 305 | 305 305
SPR 0.455 | 0.436| 0.506| 0.544]0.854] 0.765 | 0.684| 0.669 | 0.607 | 0.633 -
Exploitation Rate 0.027 | 0.028 | 0.021| 0.018] 0.004 | 0.007 | 0.010| 0.011] 0.014 | 0.013
Summary Age Biomass (B) at the beginning of
thevyear (mt) 13,454 ]13,266] 13,068] 12,966] 12,896] 12,995] 13,054} 13,072] 13,086] 13,058] 13,051
Spawning Stock Biomass (SB) at the beginning
of thevear (mt) 4,961 |4,895]| 4,823] 4,801|4,797] 4,879 4,938| 4,971] 4,990 4,979| 4,977
Recruitment at the beginning of the year
(x1000) 909 1,027 | 1,295] 1,487 1,338] 1,188 1,022] 1,025] 1,036 1,035] 1,197
Depletion level at the beginnina of the year 0.515 | 0.508| 0.505| 0.505] 0.513] 0.520 | 0.523| 0.525] 0.524 | 0.524 | 0.523

* |n the 1990's, harvest guidelines (hg) occasionaly reflected only landed catch since assumed discards were subtracted prior to setting the

hg. Pleaseidentify those harvest guidelines that were set after subtracting assumed discards.




from the trawl fishery was available) landings have been generdly less (ranging from 64
to 286 mt between 1997 and 2004) than the harvest guiddine during the last decade.

Table c. 10-year projections showing tota catch, spawning biomass and depletion dong
with gpproximate 95% confidence intervals of blackgill rockfish under three different
input values of naturd mortality. An M=0.04 was assumed for the base case model.

M=0.04
Spawning  Approx. Confidence age-0 Approx. Confidence Approx. Confidence Total Approx. Confidence
Year biomass Interval recruits Interval depletion Interval Catch Interval
2005 4960 3145 6775 617 -13 2404 52.2% 42.0% 62.4% 303 187 419
2006 4882 3130 6634 614 -12 2393 51.4% 41.6% 61.1% 299 186 411
2007 4808 3119 6498 611 -12 2383 50.6% 41.4% 59.8% 294 185 404
2008 4738 3109 6367 608 -11 2372 49.9% 41.1% 58.6% 290 185 396
2009 4673 3103 6242 605 -11 2362 49.2% 40.9% 57.4% 286 184 389
2010 4612 3100 6124 603 -10 2353 48.5% 40.8% 56.3% 282 183 381
2011 4556 3099 6013 600 -10 2344 47.9% 40.7% 55.2% 279 183 374
2012 4506 3102 5909 598 -9 2336 47.4% 40.6% 54.2% 275 182 368
2013 4461 3108 5813 596 -8 2328 46.9% 40.6% 53.3% 272 182 361
2014 4420 3116 5724 594 -8 2321 46.5% 40.6% 52.4% 269 182 355
2015 4383 3126 5641 592 -7 2315 46.1% 40.6% 51.6% 266 182 349
2016 4349 3135 5563 591 -7 2309 45.8% 40.7% 50.8% 263 182 344
M=0.03
Spawning  Approx. Confidence age-0 Approx. Confidence Approx. Confidence Total Approx. Confidence
Year biomass Interval recruits Interval depletion Interval Catch Interval
2005 2777 1894 3660 507 1 1013 35.6% 27.7% 43.5% 119 70 169
2006 2784 1923 3644 507 1 1013 35.7% 28.0% 43.3% 120 72 168
2007 2790 1953 3627 508 1 1014 35.8% 28.4% 43.1% 120 73 167
2008 2796 1982 3610 508 2 1014 35.8% 28.8% 42.9% 120 75 166
2009 2802 2012 3593 508 2 1015 35.9% 29.2% 42.7% 121 76 165
2010 2808 2041 3575 509 2 1015 36.0% 29.6% 42.4% 121 78 164
2011 2815 2071 3558 509 3 1016 36.1% 30.0% 42.2% 121 80 163
2012 2821 2101 3541 510 3 1016 36.2% 30.3% 42.0% 122 81 162
2013 2828 2130 3525 510 3 1017 36.2% 30.7% 41.8% 122 83 161
2014 2835 2159 3510 510 3 1018 36.3% 31.1% 41.6% 122 84 160
2015 2841 2188 3495 511 4 1018 36.4% 31.5% 41.3% 123 86 159
2016 2847 2215 3480 511 4 1019 36.5% 31.9% 41.1% 123 87 158
M=0.05
Spawning  Approx. Confidence age-0 Approx. Confidence Approx. Confidence Total Approx. Confidence
Year biomass Interval recruits Interval depletion Interval Catch Interval
2005 8493 4440 12545 2747 -130 5623 66.9% 55.1% 78.7% 693 345 1041
2006 8209 4354 12064 2725 -128 5578 64.7% 53.7% 75.7% 671 339 1004
2007 7946 4277 11615 2704 -126 5534 62.6% 52.5% 72.8% 650 332 968
2008 7704 4210 11197 2683 -124 5491 60.7% 51.3% 70.1% 630 327 934
2009 7482 4152 10812 2664 -122 5449 59.0% 50.3% 67.6% 612 321 902
2010 7281 4104 10458 2645 -119 5410 57.4% 49.4% 65.3% 594 316 872
2011 7101 4065 10136 2628 -117 5373 56.0% 48.7% 63.3% 578 312 843
2012 6941 4037 9845 2612 -115 5339 54.7% 48.0% 61.4% 562 308 817
2013 6800 4017 9583 2598 -112 5308 53.6% 47.5% 59.7% 548 305 792
2014 6676 4003 9349 2585 -110 5280 52.6% 47.1% 58.1% 536 302 770
2015 6566 3994 9139 2573 -108 5254 51.8% 46.7% 56.8% 524 300 749
2016 6469 3988 8949 2562 -105 5230 51.0% 46.4% 55.5% 514 298 730




2006
Catch

Table d. Decision table showing consequences of a 12-year harvest policy condstent with
three assumed states of nature (M=0.03, M=0.04, and M=0.05) when each dternative is
the true state of nature. The bottom pane gives projections for a harvest policy
congstent with the 2004-2006 catch under three different “true states of nature” or
M=0.03, M=0.04 and M-=0.05.

TRUE STATE OF NATURE

ASSUMELC M =0.03 M =0.04 M =0.05
STATE OF NATURE 5% probability 90% probability 5% probability

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass  Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 45 1 72 2777 35.6% 2.1% 4960 52.2% 6.6% 8493 66.9% 3.9%
2008 46 1 73 2784 35.7% 2.2% 4707 49.5% 5.1% 8231 64.9% 2.9%
2009 46 1 73 2790 35.8% 2.2% 4544 47.8% 1.3% 8062 63.5% 0.8%
2010 46 1 73 2796 35.8% 2.2% 4567 48.1% 1.3% 8084 63.7% 0.8%
2011 46 1 73 2802 35.9% 2.2% 4591 48.3% 1.3% 8110 63.9% 0.8%
2012 46 1 73 280¢€ 36.0% 2.2% 4616 48.6% 1.3% 8138 64.1% 0.7%
2013 47 1 73 2815 36.1% 2.2% 4644 48.9% 1.3% 8172 64.4% 0.7%
2014 47 1 74 2821 36.2% 2.2% 4673 49.2% 1.3% 8209 64.7% 0.8%
2015 47 1 74 2828 36.2% 2.2% 4703 49.5% 1.3% 8251 65.0% 0.8%
2016 47 1 74 2835 36.3% 2.2% 4734 49.8% 1.3% 8296 65.4% 0.8%
2017 47 1 74 2841 36.4% 2.2% 4766 50.2% 1.3% 8341 65.7% 0.8%
2018 47 1 74 2847 36.5% 2.2% 4797 505% 1.3% 8337 66.1% Q7%

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass _ Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 116 4 184 2777 35.6% 11.5% 4960 52.2% 3.2% 8493 66.9% 3.9%
2008 114 4 181 2523 32.3% 10.7% 4882 51.4% 3.1% 8231 64.9% 3.4%
2009 112 4 179 2321 29.8% 6.4% 4808 50.6% 3.1% 8026 63.3% 1.9%
2010 111 3 176 2244 28.8% 6.6% 4738 49.9% 3.1% 7957 62.7% 1.9%
2011 109 3 174 2170 27.8% 6.6% 4673 49.2% 3.1% 7895 62.2% 1.9%
2012 108 3 171 210C 26.9% 6.6% 4612 48.5% 3.1% 7841 61.8% 1.9%
2013 106 3 169 2035 26.1% 6.7% 4556 47.% 3.1% 7796 61.4% 1.8%
2014 105 3 167 1974 25.3% 6.8% 4506 47.4% 3.1% 7761 61.2% 1.8%
2015 103 3 165 1917 24.6% 7.0% 4461 46.9% 3.1% 7734 61.0% 1.8%
2016 102 3 163 1864 23.9% 7.1% 4420 46.5% 3.1% 7715 60.8% 1.8%
2017 101 3 162 1814 23.2% 7.2% 4383 46.1% 3.0% 7701 60.7% 1.8%
2018 100 3 160 1766 22.6% 7.2% 4349 45.8% 3.1% 7691 60.6% 1.7%

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass _ Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 264 8 421 2777 35.6% 11.5% 4960 52.2% 6.6% 8493 66.9% 4.2%
2008 256 8 407 2523 32.3% 13.6% 4707 49.5% 7.5% 8209 64.7% 4.2%
2009 248 8 395 2251 28.9% 15.0% 4437 46.7% 7.8% 7946 62.6% 4.2%
2010 240 7 383 1990 255% 16.4% 4177 44.0% 8.0% 7704 60.7% 4.2%
2011 232 7 372 1747 22.4% 17.6% 3938 41.4% 8.1% 7482 59.0% 4.1%
2012 225 7 361 1523 19.5% 19.0% 3717 39.1% 8.2% 7281 57.4% 4.1%
2013 219 7 352 1318 16.9% 21.0% 3516 37.0% 8.3% 7101 56.0% 4.1%
2014 213 7 343 1132 14.5% 23.7% 3333 35.1% 8.5% 6941 54.7% 4.1%
2015 207 6 335 963 12.3% 27.3% 3167 33.3% 8.8% 6800 53.6% 4.1%
2016 202 6 328 812 10.4% 31.8% 3017 31.8% 9.0% 6676 52.6% 4.1%
2017 197 6 321 677 8.7% 37.2% 2881 30.3% 9.1% 6566 51.8% 4.0%
2018 192 6 316 558 7.1% 43.5% 2759 29.0% 9.1% 6469 51.0% 3.9%

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass _ Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 64 2 102 2777 35.6% 11.5% 4960 52.2% 6.6% 8493 66.9% 3.9%
2008 64 2 102 2523 32.3% 9.7% 4707 49.5% 5.3% 8231 64.9% 3.1%
2009 64 2 102 2346 30.1% 3.5% 4534 47.7% 1.9% 8052 63.5% 1.1%
2010 64 2 102 2333 29.9% 3.6% 4533 A47.7% 1.9% 8050 63.4% 1.1%
2011 64 2 102 2321 29.8% 3.6% 4534 A47.7% 1.9% 8052 63.5% 1.1%
2012 64 2 102 2310 29.6% 3.5% 4536 47.7% 1.9% 8058 63.5% 1.1%
2013 64 2 102 2300 29.5% 3.6% 4540 47.8% 1.9% 8068 63.6% 1.1%
2014 64 2 102 2291 29.4% 3.6% 4547 47.8% 1.9% 8084 63.7% 1.1%
2015 64 2 102 2283 29.3% 3.6% 4556 47.9% 1.9% 8106 63.9% 1.1%
2016 64 2 102 2276 29.2% 3.7% 4566 48.1% 1.9% 8131 64.1% 1.1%
2017 64 2 102 2270 29.1% 3.7% 4578 48.2% 1.9% 8158 64.3% 1.1%
2018 64 2 102 2263 29.0% 3.6% 4590 48.3% 1.8% 8185 64.5% 1.0%
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Unresolved Problems and Major Uncertainties

1)

2)

3)

4)

5)

Because the assessment is primarily length- based (except for conditional age-
at-length data), long-term estimation of recruitment variation is problematic,
epecidly for an extremdy long-lived rockfish.

Survey sdectivity is uncertain due to limited tempord availability of length-
frequency data. Higtoric recruitment events, which first appear as young
immature blackgill in the survey, may be over- or under-estimated due to
uncertainty in survey sdectivity.

The survey used to tune assessment modd resultsis limited (at most 5 years)
and does not extend far enough back in time to derive a more temporaly
comprehensive picture of stock biomass trends.

Higtoric landings of blackgill, and other rockfish, are uncertain. In addition,
US flagged vessdls presently fish in Mexican waters and land in the U.S,, but
it is uncertain whether these landings are excluded from those in CAdCOM and
PacFIN.

Knowledge of blackgill individual growth, natural mortality and selectivity of
older/larger fishis central to an adequate assessment. These quantities are
confounded in the absence of sufficient age data. The present assessment
includes a small sample of age-at-length information from one or two
contemporary years

Research Recommendations

1
2)
3)
4)

5)

6)
7)

8)

A bomb radio- carbon isotope study of blackgill rockfish should be conducted
to evauate longevity and aging bias.

Asthe NWFSC ongoing dope/shelf survey matures and additiona
catch/length/age datais acquired better estimates of survey sdlectivity, trend
and recruitment variation will be obtained.

Estimates of discard in the hook are needed.

Efforts should be undertaken to better identify blackgill rockfish in the present
Santa Cruz and/or CalCOFI mid-water trawl juvenile rockfish surveys.

New and higtoric collections of aging structures (otoliths) should be read to
develop a conditiona age at length matrix (to better estimate growth within
the modd) or an age-length key for converting length frequency datainto age
frequency compositions (to assist in estimating recruitment deviations).

A better understanding of blackgill habitat affinity is needed to reconcile
differences in dengty between trawlable and untrawlable habitat.

Higtoric estimates of blackgill (and other rockfish) are uncertain. A concerted
study to estimate historic catches should be undertaken.

Better maturity and fecundity studies are need.
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INTRODUCTION

Blackgill rockfish, aso known as Blackmouth and deepsea rockfish, is a member
of the family Scorpaenidae which conssts of 4 genera and 61 species, more species than
any other marine fish family in the eastern North Pacific (Eschmeyer et d. 1983).
Compared to most other rockfish, blackgill are found in degper waters, ranging from 87-
768 m (48-419 fm, Eschmeyer et a. 1983), but are most abundant from 300-600 m (164-
138 fm, Cross 1987).

Adults are usudly associated with rocky outcrops (Allen and Smith 1988)
athough fishermen report some catches in midwater above rocky outcrops. They range
from Washington to centra Bgja Cdifornia (Moser and Ahlstrom 1978; Eschmeyer et d.
1983; Allen and Smith 1988) but are relatively rare off Oregon and Washington.
Blackgill were caught, for example, in only five of 1,874 bottom trawl tows at depths up
to 366 m (202 fm) between 43° N and the U.S.-Canada border during bottom trawl
surveys conducted by the Nationd Marine Fisheries Service (Weinberg 1994). In
contragt, dmilar rougheye rockfish (S. aleutianus) were taken in 241 tows.

No specific information is available on population structure but blackgill rockfish
larvae and juveniles circulate in the plankton for up seven months and likely disperse
over long distances before sttling to the bottom. This prolonged pelagic phaseis
congstent with the hypothesis of asingle biologicd (i.e. genetic) population or sock
along the west coadt.

Blackgill rockfish are apart of the Sebastes complex often referred to as
“remaining rockfish” (Rogers et d. 1996) because they are managed as a group without
species-specific estimates of acceptable biologica catch (ABC) and harvest guiddines
(HG). Blackgill rockfish are the most common species of remaining rockfish in catches
from the Conception INPFC area and among the most common in catches from the
Monterey INPFC area.

History of Management Affecting Blackgill Rockfish

The regulatory history of blackgill rockfish is complicated because the species has
been managed as part of the “Sebastes complex” (PFMC 2000). Consequently PFMC
edtablishes blackgill rockfish dlowable biologica catch (ABC) in combination with
eleven other species of minor rockfishes cdled “remaining rockfish” and dl “ other”
rockfish. Thus regulatory actions and optimum yield (OY) targeted for a Single species
in the complex may impact others depending the multisoecies gear and spatid
relationships.

Higtoricdly, the PFMC first imposed landing limits for the Sebastes complex on a
per-trip basis, to dow the pace of harvest and promote a year-round fishery. Over time
this gpproach evolved into 2-month cumulative retention limits for most species, in order
to promote more flexibility to reduce discards. In 1983 the PFMC imposed alimit of
40,000 pounds per trip for the entire coastwide Sebastes complex. After recognizing the
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differentid spatid digtribution of the remaining rockfishes and the fisheries that target
them, harvest limits on both open access and limited entry fisheries were divided between
the northern and southern Sebastes complexes, separated by a line near Cape Mendocino.

Prior to 1999, cumulative trip limits for the southern Sebastes complex were high
relative to landings of blackgill rockfish, and were unlikely to have impacted targeting
and discard of blackgill. During 1998, cumulative limits for the southern Sebastes
complex began the year at 40,000 pounds per month for open access, and 150,000 pounds
per two months for limited entry. The limited-entry limits were subsequently reduced to
40,000 pounds per two monthsin July, and 15,000 pounds per month in October. Limits
were dramaticaly reduced in 1999 for the southern Sebastes complex. Limited entry
began the year with a 13,000-pound limit for the first three months. This was followed
by one 2-month limit of 6,500 pounds, and two 2-month periods with cumulaive limits
of 3,500 pounds. For October-December, the southern Sebastes limit was 500 pounds per
month. For the open-access fleet, the southern Sebastes cumulative limit was set at 3,600
pounds per month throughout 1999.

Since 2000, blackgill has been managed as part of the Minor Slope Rockfish sub-
group, with limits ranging from 3,000-50,000 pounds per 2 months. 1n 2001, the Cowcod
Conservation area was established outside of 20 fathoms and directly excludes directed
groundfish fishing within an expangve areain the Conception and southern Monterey
INPFC aress. This regulation may have had the greatest affect on blackgill sncethe main
fishery for it takes place between 200 to 260 fathoms in the Conception zone.

Life History

Aswith other species of Sebastes, fertilization isinternd and femdes give birth to
fully formed planktonic larvae during the winter. Off southern Cdifornia, the pesk month
for gravid (pregnant) females is February.

The planktonic phase, when larva and juvenile blackgill rockfish are transported
passvely in ocean currents, is prolonged with settlement to the bottom usualy occurring
after 3-4 months (Moser and Ahlstrom 1978). Mogt ettle to the bottom by summer but
some are till present in the plankton in October, which indicates that some juveniles may
remain in the plankton phase for up to seven months.

The stientific literature suggests that juvenile blackgill rockfish settle to the
bottom at depths greater than 185 m (101 fm). Mearns et a. (1980) report juvenile
blackgill rockfish at depths of 275-305 m (150-167 fm). Moser and Ahlstrom (1978)
report newly settled juveniles at 200 m (109 fm) off La Jolla, CA. Juvenile blackgill
rockfish are taken in traps set for spot prawn (Pandal us platyceros) at about 200 m (109
fm) off Carmel, CA (R. M. Leg, Cdifornia Department of Fish and Game, pers. comm.).
Juvenile blackgill rockfish were not, however, taken in alarge number (about 400) of
otter trawl tows at 18-185 m (10-101 fm) in soft bottom areas bottom off southern
Cdifornia(Mearns et a. 1980).
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Immature blackgill rockfish probably move onto rocky outcrops as they reach
sexud maturity. Smdl immeature individuas are often taken in bottom trawls on flat
grounds north of Pt. Conception but are seldom taken on rocky outcrops where mature
blackgill rockfish are most common.

Commercial Fisheries

Landings data for blackgill rockfish in Cdiforniawere obtained from CALCOM,
while landings in Oregon and Washington were obtained from PacFIN databases. While
Cdliforniareports commercid state landings to the PacFIN database, CALCOM attempts
amore aggressive routine of partitioning species level landings from aggregate market
categories such as “unspecified” rockfish. Thislevd of partitioning as not been accepted
by PacFIN and therefore Cdifornialandings of blackgill rockfish reported by PacHIN are
dightly less than those obtained from CALCOM on ayearly bass. This difference was
negligible since 1996 (<1%) but was as great as 20% in 1987. This assessment used the
CALCOM edtimates to characterize Cdifornialandings.

Blackgill rockfish landings were available since 1978 in Cdifornia, Oregon and
Washington (Table 1). Landings of blackgill rockfish are negligible in Oregon and
Washington compared to Cdifornia (< 1%). Overdl coastwide landings more than
doubled between 1978 and 1982, peaking at 1,333 mt, and then declining afterwards
(Figure 1). Since 2000, blackgill landings have averaged 145 mt.

Blackgill rockfish is an important part of rockfish landed in the Monterey and
Conception management areas (Table 2, Figure 1). About 83% of the landings from
1978 to 2004 were from the Conception area and 15% were from the Monterey area.
Lessthan 0.1% of the landings were taken from the Eureka and other northern aress.

Trends in Satewide landings obscure trends at individua ports. Most of the catch
in 1983 was landed in San Diego (Table 3). Landingsin San Diego peaked at 583 m tons
in 1983, then declined by about 90% to an average of 58 M T during 1991-1995
(Figure?). Landings for the state remain rlatively high because blackgill are increasingly
landed at ports north of San Diego.

Three primary gear types are used to harvest blackgill rockfish (Table 4-5; Figure
3). Set netswere firgt used in degpwater in the late 1970s. Landings during most of the
1980s (mosily in Southern California) were about equally divided between set nets and
hook and line gear. The use of setnets declined because of the difficulty of deploying the
nets at depth and the loss of gear. At present, horizonta longlines deployed aong bottom
features (escarpments, rocks, etc.) are the most common gear used to harvest blackgill
rockfish off southern Cdifornia. Trawls are most common on northern grounds.

Fishers report that during the 1980s fishable concentrations and good fishing
locations could be located with acoustic gear. Pinnacles that routinely yielded 20,000 Ibs
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were targeted. These locations reportedly now yield 500 |bs per trip and are covered with
lost gear (Phil Kline, pers. comm.). Presently fishers report thet fishing is usudly
conducted on likely grounds without acoustic confirmation that rockfish are present (Rob
Durfos, pers. comm.).

Blackgill rockfish are taken off Caiforniawith hook and line, s&t nets or by
trawls. Hook and line currently accounts for 56%; set nets account for 12%; and trawling
accounts for 32% of landings (Table 5, Figure 3). Although hook and line accounts for
more landings, particularly in southern California, set nets may be preferred in cam
weether. Hook and line gear is preferred when currents are likely to tangle set netsin the
rocks. Individud fishers may dternate gear depending on weather conditions. Blackgill
rockfish are taken primarily in bottom trawls within the Monterey and Eureka aress,
whereas trawling accounts for only 10 % of landings in the Conception area.

Fishable concentrations of blackgill rockfish are known to occur in Mexican
waters, but landings data for Mexico are not available. Industry sourcesin the U.S.
familiar with the Mexican fishery suggest that blackgill rockfish were probably not
targeted off Mexico or harvested in Sgnificant quantities during recent years and that
landings to date have been smdl (R. Durfos, CA, pers. comm.). Mexican landings may
increase in the future because fishers there were recently introduced to fishing techniques
used to catch blackgill rockfish off Cdifornia

Prices for blackgill rockfish rank, on average, 26" out of 38 for California
rockfish market categories (Butler et d. 1999). Pricesfor nomina blackgill rockfish
landings by hook and line gear during 1992-1997 were higher, for example, than for
nomind ydlowtal (S. flavidus), nomind black (S. melanops), nomind bocaccio, nomina
chilipepper and nomina widow rockfish (S. enotmelas). Pricesfor nomina blackgill
rockfish were lower than prices for redbanded, nomina canary, vermilion and species
important in the Cdifornia live fish fishery (eg. grassrockfish, (S rastrelliger)). In
generd, hook and line gear command a higher ex-vessdl price per pound ($0.86),
followed by set nets ($0.64) and trawls ($0.38) (Table 6). Ex-vessd prices per pound
paid for blackgill and nomind blackgill rockfish have generaly been stable of have
increased for the three primary gears since the late 1980s (Figure 4 and 5). However,
when corrected for inflation viathe Consumer Price Index the relative price has been
rather stable over time.

ASSSESSMENT
Fishery Catches

In an attempt to characterize blackgill catches (landings + discards), the West
Coast Observer Program data base was examined for estimates of discards. While these
data are limited for blackgill rockfish, atota of 250 haulsin the trawl fishery between
2002 and 2004 had discards. The discard rate was calculated as the sum (over dl years)
of the discards over the sum of the total catch (retained+discard). The discard rate for the
trawl fishery was 9% and 4.3% for Monterey and Conception aress, respectively (Table
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7). Theserates for Conception and Monterey were gpplied to the trawl landings from
2004 back to 1978. Thisimplicitly assumesthat the discard rate istime invariant. While
very limited, 11 hauls obtained from the Pikitch study (Fikitch et a. 1988) in the northern
Monterey area produced asimilar discard estimate of 10%. Discard data on the hook and
line and set net fishery were not available, and are thus not included.

Rogers (2003) estimated that landings of blackgill rockfish in the foreign fisheries
ranged between 1 and 200 mt from 1966 to 1970. The foreign fleets were generdly
operating in waters off Oregon, north of the main concentrations of blackgill. Historical
removas of blackgill rockfish in the US domestic fleet prior to 1978 are not known.
While efforts to target blackgill in large concentrations probability did not occur until the
mid 1970s (Butler et . 1999), it islikely that incidental catches occurred as fisheries off
Cdiforniaand Oregon moved into deeper watersin the late 1940s and early 1950s. In
order to reconstruct domestic landings of blackgill rockfish prior to 1970, the ratio of
blackgill (BLGL) and nomina blackgill rockfish (BGL 1) landingsto the total landings of
rockfish in Cdiforniafrom 1978-1981 was gpplied to the historicd landings of Cdifornia
rockfish between 1950 and 1977. The percentage was increased linearly from zero
percent in 1950 to 2.2% in 1977 to mimic the gradua movement of the fishery offshore.
Totd landings of rockfish in Californiafor each year were obtained from Department of
Interior (Fish and Wildlife Service) bulletins and Cdifornia Department of Fish and
Game bulletins. Totd Californiarockfish landings were not available between 1971 and
1977, but landings were assumed to increase linearly to the start of the actud datatime
seriesin 1978. Figure 6 shows the entire catch history, both actua and extrapolated, of
blackgill rockfish used in the stock assessment modd. Sengitivity of mode resultsto
historicd catches were performed by halving and doubling the historic catches between
1950 and 1977 (tippled lines).

Trawl logbook data

Trawl fishery logbook data from 1981-2004 were obtained from PacFIN. The
digtribution of catches of blackgill in the trawl fleet suggest thet fishing occurs within a
fairly narrow depth band dong the shelf break (~300+ meters) and north of Point
Conception to about Eureka (Figure 7). Trawl catch per unit effort (catch in pounds per
hour fished), plotted as 1, 2 and 3 standard deviations from the mean, show high
concentrations occur between 300-600 m. Thisis particularly the case just north of Point
Conception, where the shelf bresk widens. Two measures of the trends in trawl logbook
catch per unit effort (pounds per hour fished) were developed and included only tows
with positive retained catch of blackgill. Onetrend is based on the raw CPUE of the
entire fleet, while the other includes a subset consgting of only those trawlers that
accounted for more than 5% of the tota blackgill landings from 1986-2004. and plots the
year regression coefficients based on a GLM mode applied to trips associated with
vess s that caught more than 2% of the total blackgill catch from 1988-2004. Trendsin
trawl logbook CPUE over time, while highly varigble, show a generd decline from the
late 1980s to the early 1990s (Figure 8). The logbook CPUE data were not used to as
indices of abundance since only of fraction of the total blackgill are landed in the trawl

fishery.
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Survey Abundance Indices

The Alaska Fisheries Science Center (AFSC) has conducted fishery resource
surveys of the west coast continental shelf and dope since 1977 and 1990, respectively.
The shdlf survey, known as the triennia shelf survey, was conducted every third year on
contract basis by two Alaska class trawlers. The AFSC dope survey has been conducted
on ayearly by the FRV Miller Freeman. The spatid coverage of both the AFSC shelf
and dope surveys has been highly variable over time. However, snce 1995 the shdlf
survey consstently sampled the Monterey and Conception INPFC areas as far south as
Point Conception (34.5” latitude) and to a depth of gpproximately 500 m. Similarly, the
AFSC dope survey has sampled as far south as Point Conception to depths of 1000 m
gnce 1997. The AFSC shelf and dope surveys were terminated in 2001.

The Northwest Fisheries Science Center (NWFSC) dope survey, which began in
1998, was intended to replace the AFSC dope survey and is ongoing. However, data on
most dope rockfish, including blackgill, were not collected in 1998, as the pilot year
focused on the Dover sole, thornyheads, and sablefish (DTS). The NWFSC consistently
covered depths between 183 and 1280 m and in all years extended as far south as Point
Conception (34.5° latitude). The survey was extended to the southern boundary of the
Conception area (32.5° |atitude) in 2002 and subsequent surveys. 1n 2004, the NWFSC
conducted a shelf survey, with the intent of extending the time series of the discontinued
AFSC Triennid shelf survey, using identica sampling protocols and types of vessds.
Details of each of these surveys can be found in Lauth et d. (1998) and Turk et a. (2001)
for the AFSC and NWFSC dope surveys, respectively.

Each of these surveys was used to develop an index of abundance for blackgill
rockfish. Because blackgill rockfish are rare by DTS standards, the survey data were
evauated for post-gratification. A number of different metrics were developed from the
survey dataand andyzed, including: 1) trends in average body weight as a function of
depth and latitude, 2) catch-weighted cumulative frequency histograms of depth and
latitude, and 3) standardized catch rates, both raw and logarithmically transformed.
Based on this information, a reasonabl e post- ratification scheme was devel oped for
subsequent andysis using generdized linear modds (GLM).

Based on andlysis of catch and biologica data from both the AFSC and NWFSC
dope surveys, the following patterns describe the distributiona characteristics of
blackgill rockfish and the post- dratification scheme for GLM andysis. Firdt, blackgill
rockfish catches were distributed from the southern Conception area (32.5° |atitude) to
the Columbia River (Figure 9-10). However, catches of blackgill are very rare north of
Cape Blanco given the levd of survey effort. Also rdatively large hauls of blackgill
were taken south of Point Conception during 2002- 2004, following expansion of the
NWFSC dope survey coverage. No less than 90% of the survey caiches of blackgill
rockfish occurred south of 40 N. latitude. Also, blackgill appear to be concentrated near
the shelf break as more than 90% of the survey catches occur between 300 and 600 m of
water (Figure 11-12). Average body size of blackgill rockfish increases with depth
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suggesting that deep habitats are more suitable for larger fish and/or possible ontogenetic
movement with depth. Based on thisinformation, only the Monterey and Conception
INPFC areas between 300 — 600 m were considered for subsequent GLM andysis and
Tables 8-9 give the data and gatistics summary.

A Ddta-GLM was gpplied to each survey to derive an index of population
biomass. The delta distribution (Aitchison and Brown, 1957) was used to model the
survey data because there are many zero catches. This error modd is based on the
premisethat it is possible to treat separately the question of whether a catch rate is zero,
and the Sze of the catch given that it is non-zero (Pennington 1983, Stefansson 1996). As
such two separate GLMs were gpplied to each of the three surveys. The first GLM
estimates the probability of a pogtive haul, which is assumed to arise from a Bernoulli
process, and the data on zero / non-zero hauls were modded using abinomid error
model. The second GLM estimates the positive catch rate for each stratum with an
assumed lognormd error structure. The lognorma error model was selected as the most
appropriate among other competing models from the exponentia family based on Akaike
Information Criterion (AIC) (Akaiki 1974) as specified by Dick (2005). Also, inthe case
where the NWFSC uses four vessals chartered at random from the west coast groundfish
trawl fleet, a generdized linear mixed mode (GLMM) was gpplied to account for the
extra variance components due to vessdl. Details of applying the GLMM to the multi-
vessd survey can be found in Helser et d. (2004).

In generd, the Delta- GLM s fit the positive catch data reasonably well. Goodness
of fit was evauate by plotting the value of the deviance resdua (McCulloch and Nelder
1989; p. 39) generated from the appropriate deviance function and inverse link of the
linear predictor as function of the linear predictors and standardized norma Q-Q plots
from the NWFSC-AFSC GLMMs (these were the most parameterized). Asin the case of
traditional linear models, measures of goodness-of-fit are seen as uniformly distributed
deviance resduds above and below a zero reference line when plotted againgt the linear
predictors and deviance residuals which are well gpproximated by a standard normal
digtribution (Figure 13-14). Results of the Delta- GLM applied to each of the three
urveys are given in Tables 10- 12 which provide the predicted proportion postive, the
predicted catch rate (given a postive haul), and predicted biomass for each stratum.
Predicted postive catch rates are higher in Conception than compared to Monterey and as
such when expanded to the entire Conception area produce larger estimates of biomass.
Despite the large variances, indices of totd blackgill population biomass gppear to have
increase dightly in the AFSC shelf and NWFSC dope survey since the mid to late 1990s
(Figure 15). The AFSC dope survey appears to be relaively flat compared to the other
two surveys, but this may not be unexpected given that that survey ended in 2001.
Unfortunately these surveys do not extend far enough back in time to derive amore
temporally comprehensive picture of stock biomass trends.

Fishery Length Composition

Biologicd information from the commercia fisheries was extracted from the
PacFIN system (CALCOM uploads hiologica port sampling information to PacFIN
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without additiona post processing and as such the datain each are identical). These data
included sex- gpecific length frequency data at the trip, gear and market category levd.
These data were anadyzed based on the sampling protocols used to collect them, and
expanded to estimate the corresponding statistic from entire landed catch for stratum and
each year that sampling occurred. In generd, the andytic steps can be summarized as
follows
1) Extract biologica observations by sex, gear type and INPFC (Conception and
Monterey areas).
2) Count lengthsin each size bin and for each sex within trip asthe “raw”
frequency data.
3) Expand the raw frequencies from the trip level to account for the landingsin
each trip.
4) Sum frequencies within gear type and INPFC area.
5) Expand the summed frequencies by gear type to account for the total landings.
6) Cdculate sample szes (number of samples and number of fish within sample)
and normalize to proportions that sum to unity over both sexes for each gear
type within each year.

To complete step (3), it was necessary to derive amultiplicative expansion factor for the
observed raw length frequencies of the sample. This expansion factor was caculated for
each sample corresponding to the ratio of the total landed weight of the speciesin atrip
divided by the total weight of dl clustersin the sample from that trip. In some cases,
where there was not an estimated sample weight, a predicted weight of the sample was
computed by gpplying the length-weight relationship used in the assessment to each
length in the sample, then summing these weights. Each expansion factor was computed
and anomdlies created by very smal samples (number of fish lengths) from very large
landings were avoided by limiting the expansion factor to a maximum of 500. The
expanded lengths (N at each length times the expansion factor for the sample) were then
summed within each gear and INPFC area and then weighted a second time by the
relative proportion of landings for each gear between Monterey and Conception aress.
Findly, the INPFC-expanded length frequencies were summed over INPFC areas for
each gear type and normaized so that the sum of dl lengths and sexes for each gear ina
sngle year was equd to unity.

Table 13 provides the biologicd samples of length information from PACFIN by
year and gives the total number of unique samples (trips) and number of lengths by gear
type for Monterey and Conception INPFC aress. Ultimately the total sample size by
gear type across INPFC areas is the multinomid sample Size input into the stock
assessment modd. However it is presented in this table by INPFC areas to facilitate
evauation of the sampling levd, relative to the tota landings by gear type and INPFC
(Table5). Close scrutiny reved s that the trawl fishery was sampled most relative to the
total amount of landings in both Monterey and Conception. On average, a sample was
taken for every 5 metric tons of blackgill rockfish landed in port between 1981 and 2004
in the trawl fishery. The paucity of biologica samples taken in the commerciad hook and
line and st net fisheriesis more problematic. In particularly, these fisheries were not
even sampled before 1986, when these gear types dominated the totd landings. During
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the mid to late 1980s sample coverage for these fisheries was highest, averaging 13.3 and
12.0 metric tons per sample taken from the hook and line and set net fisheries,
respectivdy. Biologica sampling substantidly worsened in the hook and line fishery
during the early 1990s, when sampling covered average 179 metric tons per sample
taken.

Fishery size compositions used in the assessment model for femae and mde
blackgill rockfish are shown for the trawl (Figures 16-17), hook and line (Figures 18-19)
and et net (Figures 20-21) gear types. Lengths were collgpsed into 2 cm bins because of
the limited sample sizes and numbers of length measurements. Based on the review of
the literature, blackgill rockfish exhibit sexudly dimorphic growth and hence size
compositions were generated separately by sex. The fishery Size compositions do indeed
show females taken in each of the fisheries are larger then maes; in many years grester
than 50 cm.  Also, the trawl fishery does appear to catch a dightly broader size range of
both male and femd e blackgill rockfish than ether the hook and line or st net fisheries.
This may indicate that the hook and line and set net gears may have narrower sdectivity
on length. Also, there appears to be very little variation in the length compostions of
ether female or maestaken in the hook and line or by set net fisheries. In contrast, Sze
frequency digtributions in the trawl fishery appear to have shifted toward smadler sizes of
blackgill. In addition, information on recruitment variaion in the Sze compositions seem
to be lacking as the fisheries capture larger blackgill.

Survey Length Composition

Samples of length frequency data were rather sparse in the dope surveys, i.e.
samples were taken in only two years of both the AFSC and NWFSC dope surveys
(Table 14). In contragt, length samples were taken each of the four years when the AFSC
shelf survey consstently sampled depths corresponding to the depth distribution of
blackgill. Annud length frequencies by sex were generated by firgt standardizing the
numbers of fish sampled in any give haul by the haul swept area. Length frequencies
were then summed over haul within INPFC (Conception and Monterey only). On the
basis of these INPFC-levd length frequencies, the average weight within each INPFC
was estimated by gpplying the length-weight equation used in the stock assessment to the
length frequency digtribution. The average weight was then divided into the total INPFC
biomass estimate from the GLM anaysis to derive numbers of fish within INPFC. The
numbers were multiplied to the INPFC length frequency, summed over INPFC and
normalized so that the sum of dl lengths and sexesin asingle year was equd to unity.

Size compositions used in the assessment model are shown by year and for each
sex from AFSC shelf (Figure 22), AFSC dope (Figure 23) and NWFSC dope (Figure 24)
surveys. In contrast to the fishery length compositions which gppeared to lack
information on recruitment variaion, the survey sze compaositions indicate evidence of
recent recruitment events. These recruitments can be seen as an increase in relative
abundance of blackgill in the 20-24 cm range in 1999-2000 in the AFSC dope survey,
2001-2004 in the AFSC shdf survey and 2003-2004 in the NWFSC dope survey. Size
compogtions prior to 1999, which are only available from the AFSC shdlf survey, do not
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show many smdl blackgill. Based on published growth curves, blackgill at
goproximately 24 cm would be 10 years old. Hence this recent recruitment information
in the survey sze compostions would represent fish spawned in the early- to mid-1990s.
It isimportant to note that 20-24 cm blackgill in the NWFSC dope survey dominate the
gze compositions and are quite dissmilar from the other survey sze compostions. A
detailed examination of these survey data showed that the NWFSC dope survey in 2003
and 2004, which sampled below Point Conception, encountered hauls with more
numerous smdl blackgill. Regardless of the differences in the Sze compositions between
the different surveys, estimating survey sdlectivity may be problematic because there are
S0 few years of Size compostioninformation available to gpproximate along-term
average curve.

At the suggestion of the STAR pand the NWFSC dope survey length
composition data were excluded from the mode, since it was determined that they have
an inordinately strong affect on the estimated 1997 year class. For consistency, both the
NWFSC CPUE and size composition data were removed. However, it was recognized
that this survey may be the foundation for future indices of abundance and that the utility
of the survey again be examined as the time series lengthens.

Biological Information

Only two blackgill rockfish age and growth studies were available from the
literature. Butler et a. (1999) sampled 224 backgill from California portsin 1985 and
1997. They reported afemalein their samplesasold as 87 y (54.6 cm), but the oldest 3%
ranged from 69 — 87 years. Eschmeyer et d. (1983) reported a maximum size of about
61 cm. Morerecently Stevens et d. (2003) conducted alongevity and growth study of
blackgill rockfish with radiometric vaidation. They used the same 1985 and 1997
Cdiforniacommercid port samples used by Butler et d. (1999), but augmented their
collection with additiona age-length samples taken in 1998 and 1999 (n = 260 readable
otoliths) from NMFS research surveys from centrd Cdifornia and southern Oregon.

They reported a 90-year old mae (45 cm) taken during the 1999 cruise. Like many
rockfish, blackgill rockfish otolith growth rings were difficult to interpret. However, they
reported some remarkably clear otoliths and with those they obtained 87% between
reader agreement, and close agreement between predicted age and radiometric age. Their
results, in addition to other reported studies, do indeed suggest blackgill rockfish exhibit
longevity up to or greater than 90 years of age. Also, blackgill exhibit sexudly

dimorphic growth. Femaes reach alarger asymptotic sze (~54 cm) than maes (~44 cm)
but grow at a dower rate; K=0.04 vs. K=0.068 for females and males, respectively (Table
15, Figure 25). Slow growth rates are characteristic of other deep, dope-dwdling
rockfish species, including rougheye (S.aleutianus) and bank rockfish (S. rufus) (Love et
d. 2002). Infact, blackgill rockfish was found to be among the dowest growing based

on a heirachica meta-andyss of 46 species of rockfish in the Sebastes genus from
Cdiforniato Alaska (Figure 26).

The noted growth parameter estimates were used to parameterize the population
dynamics model. However, the von Bertdanffy growth parameters were estimated
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within Stock Synthesis using only survey data input as conditiona age et length (Table
16). Thiswasdoneto circumvent possible Sze selectivity bias in the commercidly
obtained age-length samples and to dlow the model to estimate growth conditioned on dl
other data used to mode the stock, such as size composition information.

In the context of the dow growth rate, femae blackgill rockfish do not attain age
at 50% maturity until later in life (~ 20 years old) and are not fully (100%) mature until
nearly 30 yearsold. The characterization of ages-at-maturity was inferred by esimating
the fraction mature as afunction of sze, from a nonlinear regresson using three
estimates of the fraction mature (1%, 50%, 100%) & length from two different sudies
(Wyllie-Echeverria 1987, Love et d. 1990), and then converting the lengths to ages via
the estimated growth curves. The maturity-length curveis plotted in Figure 27 dong
with estimates of maturity from Love et d. (1990) and Wyllie-Echeverria et d. (1987).
Differences between the above estimates of maturity- at-age and published estimates are
because Wyllie-Echeverria et d. (1987) likely underestimated age using whole otaliths.

Growth in weight as a function of length was estimated from data available from
the 2004 triennid shelf and NWFSC dope surveys. The weight-length relationship was
estimated by fitting alog-log linear regresson on 182 observations from the triennid
shelf survey and 184 observations from the NWFSC dope surveys (Figure 28).
Parameters from the regressions (Table 15) indicate little difference in data from the
different surveys. Weight-length relationships for blackgill rockfish from Love et d.
(1990), which were based on Cdifornia port samples, were essentidly identica to those
from the survey.

Naturd mortdity often timesisthe mogt difficult life history parameter to
estimate and direct observations are rarely available, since most data are collected from a
population of interest after some exploitation has occurred. Despite this, naturd
mortdity, M, can sometimes be inferred from life history invariant parameter
relationships with reproductive output (Gunderson 1997) and growth (Charnov 1993).
Gunderson (1997) analyzed 28 stocks of fish to derive ardationship for M and
reproductive output and growth, of which only 6 were rockfish. Estimates of M derived
for Pacific ocean perch (M=0.05), rougheye rockfish (M=0.04) and darkblotched rockfish
(M=0.10) from his analysis may be extragpolated to blackgill rockfish, due to smilarities
in life history (growth and longevity) and depth digtribution. A naturd mortdity rate of
M=0.1 probably represents an absolute upper bound since growth rates for darkblotched
rockfish are nearly twice that of blackgill.

Other approaches to deriving naturad mortaity rates, such as Hoenigs's (1983)
regression andysis for fish, produced estimates of M of 0.047 y* and 0.045 y* for
blackgill rockfish for maximum longevities of 87 or 90 years, repectively. Since age
determination error generdly increases with age, estimation of M relying on oldest know
ageswill beimprecise. Nevertheless, an M=0.05 seems to be areasonable first
approximation based on the observed longevity, K equa to 0.05 (average of both sexes),
and comparison to other Smilar species. Assessment results are nearly aways senditive
to the assumed M and therefore a sengitivity based on M is warranted.
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History of modeling approaches for Blackgill Rockfish

The first and last assessment for blackgill rockfish was conducted in 1998 with
catch datathrough 1997 (Butler et a. 1999). That assessment assumed a unit stock in
southern and central California (Conception INPFC ared) and was based on a stock
reduction andys's assuming congtant recruitment. The dynamics of this Smple modd
were tuned to average mortdity rates from catch curves and landings data. That
asessment did not explicitly esimate fishery sdectivity dternatively assuming thet it
mirrors maturity at Szefage, and as such estimated trends in fishable/mature biomass. It
should be noted tht, if the fishery sdects larger Szes of fish, rdlaive to the maturity
curve, then the exploitation history of the stock will be lower, given an equivdent leve
of exploitable biomass.

The current assessment has expanded the geographic range and tempora scope of
the previous assessment. In addition, time series of survey biomass indices, dbeit short,
have been developed as atuning index to approximate recent trends in stock biomass.
The time series of fishery landings has been extended back to 1950 (interpolated catches)
and the actua estimated catches (which include discards) covering 1978 to 2004.
Further, additiond information on age and growth has been incorporated to reflect
improved aging capabilities and individua growth estimated within the population
dynamics modd (fit as conditiond age a length using only survey data). Findly, the
modding approach takes advantage of fishery and survey length compositions to
explicitly estimate sdlectivity. Based on the magnitude of these changes, the length of
time since the last assessment, and the use of afundamentaly different assessment
modeling tool, no formal comparisons with the previous assessment were performed.

Model Description

This assessment used the Stock Synthesis modding framework written by Dr.
Richard Methot at the NWFSC (SS2 Version 1.19, April 27", 2005). Stock Synthesis
provides a generd framework for the modeling blackgill rockfish because the complexity
of the population dynamics can be made commensurate with the data quantity. In this
regard, both complex and smple modds were explored. The blackgill rockfish
population is assumed to be a single stock represented within the Conception and
Monterey INPFC areas. The modd includes maes and females as separate sexesin both
the underlying dynamics and in dl data sources were this was possble; mainly via
growth and fishery and survey size compaositions. The accumulator age for the interna
dynamics of the population was set to 80 years, well within the expectation of asymptotic
growth. Theyears explicitly modeled were 1950-2004 (last year of available data).

Initid population conditions were assumed to be in equilibrium at the first year of the
model dueto the low leve of landings. However, given the extensve longevity of
blackgill it could be argued that many years of constant catch would be needed reach
equilibrium conditions. No initid fishing mortality was estimated and the spawning
biomass was assumed equa to Bzero in 1950, preceding agradua build up of the fishery.
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The following provides a narrative of the modd structure, and detailed parameter
gpecification and assumptions are found in Table 17. The assessment modd includes
three fleets of fishery types: commercia hook and line, commercia sat net, and
commercid trawl fisheries. Asdiscussed in previous sections, sampling of length
frequencies during some years and fisheries was sparse, and thus a decision was made to
exclude length frequencies for those years and fisheries where fewer than 2 samples
(trips) with at least 50 length observations were available. The commercia hook and line
and set net fisheries are assumed to have the same selectivity (mirrored curves) based on
samilarity of the length frequency compositions. The sdlectivity curveis assumed to be
dome- shgped and the ascending inflection, pesk sdlectivity and find selectivity fredy
edimated. The commercia trawl flegt, which exploits smdler fish than the other
fisheries, is parameterized to have two time- stanzas of selectivity: 1950-1990, 1991-
2004.

A shift in sdlectivity toward smdler fish after 1990 was evident isthe Sze
composition data. The peak sdlectivity, the ascending infection (time varying) and the
finad sdectivity a the largest Sze bin were fredy estimated. Thefind sdectivity for the
commercid trawl fleet, when fredy estimated from preiminary modd runs, was
approximately 0.5. Thisis unlikely reasonable snce fishable concentrations of large fish
were often targeted with acoudtic gear that routingly yielded large hauls. Dueto the
limited availability of survey length compositions the AFSC shdf and both dope trawl
surveys were modeled to have the same sdlectivity. Therationde wasto let the
composite length fregquencies gpproximate a selectivity curve representing longer term
average conditions. Aswith the commercid trawl fleet peak sdlectivity, the ascending
infection and the find sdlectivity a the largest Sze bin were fredy estimated. The
surveys are assumed to occur ingtantaneoudly at the middle of July throughout the time
series.

For the base case mode, natural mortdity is assumed to be age- and time-
independent and equal to 0.04 y* (this value was arrived at by profiling over different
vaues of M and will be discussed below). The stock-recruitment function was a
Beverton-Holt parameterization, with the log of mean unexploited recruitment estimated.
When fregly estimated, the steepness parameter was at the upper limit of 1.0. It was fixed
at 0.65 for dl subsequent runs (except in the case of sengtivity runs). This value was
based on Dorn’s (2002) meta-analys's of steepness for west coast rockfish. Y ear- oecific
recruitment deviations are estimated from 1970-2004.

The congraint and bias correction standard deviation, sigmag, istreated as afixed
quantity in SS2. Typicdly, the value is derived through an iterative process of adjusting
the input va ue corresponding to the minimd difference between the root means square
error (RMSE) of the predicted recruitment deviations and the input value. This ensures
that the gpproximate bias-correction term would be gppropriately and internaly
consgtent for predicted recruitments estimated in the modd and projected forward in
time. However, in this assessment, which is predominatdy length-based (except for
conditiona age at length data used to fit growth parameters), thereis limited information
in the Sze compaositions to inform recrutment variaion (thisis discussed in more detall

24



in modd results). Asaresult, sigmag was et to avalue of 0.5 and the modd results
showed little sengtivity to variation in this quantity.

Maturity of femade blackgill rockfish is assumed to have alogidtic functiond form
and increase asymptoticaly as afunction of Sze. Fecundity is assumed to be afunction
only of mass and equivadent in form to the maturity a length rdaionship. Individud
growth is modeled separately for males and femaes and based on the von Berta anffy
growth function, and growth parameters estimated fredy within the modd based on
conditional age at length data. Length at age 2 is assumed to be equa for females and
males, but Sze a age is estimated separately for the sexes based on separate von
Bertlanffy K and length at maximum age (70 years old) parameters, which are
parameterized as exponentid offsats. Variability in length of individuds ate each age
grouping the population is assumed to increase with increasing age through the use of a
congtant CV (~0.08 based empiricaly on length at age datd) that is equa for both femaes
and males.

Multinomid sample sizesfor the length composition data used in this assessment
are based on the number of trips sampled for the commercid fisheries and the number of
tows in the research surveys. Sample sizesfor conditiona age at length data were taken
as observed number of fish aged. Standard deviations from the survey indices were not
adjusted as the RM SE from preliminary mode runs were consstent with the mean of the
input standard deviations. The base case model employs equa emphasis factors
(lambdas=1.0) for each likelihood component, however, sengitivity andyses are
performed.

Base Case Model and Sensitivity

Typicaly, many mode runs are performed as the andys attempts to ascertain the
mode’ s strengths and weaknesses, and to circumscribe the full dimensiondlity of
uncertainty. It was evident from preiminary mode runs that modd results were most
sengtive to different assumptions for the vaue of natural mortdity. Assuch, multiple
modd runs were performed in which the objective function and depletion was profiled
over values of M ranging from M=0.01 to M=0.10 by increments of 0.01 (Figure 29). In
addition, the von Bertdanffy growth parameters and find sdectivity a largest Sze bin
for the fishery and survey were also estimated. Based on the profile, a value of M=0.04
yr'! had the smallest objective function Log likelihood and as such was most plausible
giventhedata. While not shown here, the fina sdectivity for both the fishery and survey
were insengtive to variation in the vaue of M; resulting in a strong dome for the hook
and line/set net fishery, partid dome (0.5) for the trawl fishery and asymptotic sdlectivity
for the survey.

Estimated growth parameters were sengtive to natural mortdity. Results show
that femae asymptatic size declines as M increases, while for mae blackgill asymptotic
Szeincreases but then decreases (Figure 29). The growth rate, K, increases for both
femde and mae blackgill with an incressein M. Where the objective function is
minimized at an M=0.04, asymptotic Szeis48 cm and 42 cm for femae and mae
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blackgill, respectively. These parameter estimates are dightly lower than literature
vauesfrom Stevens et d. (2004) and are most likely free from potentid bias problems
encountered from commercid fishery samples which were excluded in the model.
Edtimated growth curves are shown in Figure 30 and do show reasonable fits to the
observed survey samples of age-length when estimated interndly to SS2 with dl other
available data

Assuming an M=0.04 for the base case, modd structure, model parameters and
input data uncertainties were explored further. Alternative assumptions were examined
regarding: 1) fishery and survey sdectivity, 2) steepness on the stock-recruitment
relaionship, 3) natura mortaity, and 4) leve of higoric catches prior to 1978. Full
details of mode results for these senstivity runsare given in Table 18.

Results showed that having or doubling the historic catches from 1950-1977 or
varying steepness by +/- 50% had little effect on the overdl leve of stock depletion
(values ranging from 52% to 54%) compared to the base case modd (Table 18). The
base case modd was however more sensitive to the assumed shape of the fishery and
survey selectivity, and mogt sengtive to the assumed vaue for natural mortdity. On one
extreme, the model was dlowed to fredy estimate the find selectivity on dl fishery and
urvey selectivity curves, thereby testing how much of a descending limb the curves
should have rdative to the base model that imposed afind sdectivity of 0.5 on the trawl
fishery and surveys. The addition of two parameters resulted in only a decrease of two
likelihood units of the objective function. In contrast, amodd which assumed
asymptotic fishery and survey selectivity curves, condraining the model by only two
parameters, resulted in an increase in the objective function likelihood by approximately
nine units. Mogt of the change occurred in the fishery length frequency distributions
suggesting that the mode prefers dome-shaped sdlectivity. These particular end pointsin
asymptotic vs. dome-shaped fishery and survey sdectivity resulted in gpawning
biomasses that were only 51% and 53% of the unfished levd, respectively, compared to
52% for the base case. As noted, the base model assumed a fully dome-shaped
sectivity curve (estimated) for the hook and line and set net fishery, but imposed a
partid domed shape on the trawl fishery and survey sdectivity curves. That rationde
was based on the highly selective nature of the hook and line and set net fishery gears and
the gpparently grester availability of abroader sze range of blackgill to the trawl fishery.

Assumptions regarding natural mortality generated the most varigbility in mode
results of dl the structural and parameter sengitivities examined. Starting from the base
case model, two initid runs using dternative M vaues of 0.02 and 0.07 resulted in
depletion rates of 20% and 89% respectively (Table 18). Higher M would account for a
higher leve of garting biomass and ultimately a lighter exploitation history consistent
with the availability of larger, presumably, older fish. These results suggest the sarting
input value of M=0.04 for the base case modd was quite reasonable. However,
subsequent 10-year projections and decision anayses were performed with the base case
(M=0.04) and dso M values of 0.03 and 0.05, which correspond roughly to the lower and
upper 5" percentile of the distribution of depletion levels for the base case M=0.04
modd.
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Model Results — Stock size, depletion and Status

Base case mode fits to the various data types used in this assessment are shown
in Figures 31-38. Predicted vs. observed length frequencies, dong with Pearson residuas
for the hook and line fishery (Figures 31-32), st net fishery (Figure 33-34), trawl fishery
(Figure 35-36) and trawl surveys (Figures 37-38), dl indicate a reasonable modd fit. The
trawl fishery showed a shift in the length frequency didributionsto smdler Szes of fish
after 1991 and the model was able to accommodate this. Fits were obvioudy better to
those size frequencies with larger samples sizes and poorer for those with more sparse
data Thisis paticularly evident in the hook and line and set net fisheries, wherein the
mid to late 1980s sampling was good relative to the amount of blackgill landed in port
(Figure 31). The modd predicted alength frequency with along ascending shoulder to
accommodate the numerous smal blackgill in the 20-30 cm range seen in the recent
1999-2000 AFSC dope and 2001-2004 AFSC shelf surveys (Figure 37).

Predicted biomasses from the mode were generdly within 90% intervals of the
observed biomass indices (Figure 39). Point estimates of biomass from the AFSC shelf
survey show agenerd incresse from 1995-2004. The predicted biomass, however, shows
compardively less of an increase (Figure 39), with the last two survey years
underestimating the observed vaues. Thisis not entirdly unexpected, given the relative
flatness of the AFSC dope survey and the large CV's associated with the higher biomass.
As noted above, the dow growth rate of blackgill and the inconsstency of survey
increases with the sze frequency data also are probably affecting the modd’ s ability to fit
the nearly doubling of the observed shdlf survey biomass between 1998 and 2004.

Fishery and survey sdectivity curves estimated by the base case modd are shown
in Figure 40. Sdectivity curvesfor the hook and line and set net fisheries rise quickly
from about 34 cm, pesk at about 44cm and descend to asmall sdlectivity a 61 cm. In
contrast, the trawl fishery sdectivity curve reflects greater selection of smdler blackgill
relative to the other fisheries, with an gpparent shift is the Size at 50% sdectivity of 38
cm during 1950-1990 to 34 cm during 1991-2004. A composite fishery selectivity curve
(averaged predicted curves weighted by the fishery landings) showsthet ardatively large
segment of the population is reaching sexud maturity before being sdected to the
fisheries, 9ze a 50% maturity and fishery sdection is 34 cm and 39 cm, respectively.
Based on the growth curves of femaes, this would alow 50% of the population to mature
(34 cm = 20 years) and spawn at least once nearly 10 years before 50% of the population
is exposed to exploitation (39 cm = 29 years). The survey sdlectivity curveisaso shown
in FHigure 40. Agan dueto the limited availahility of length frequency data (whichis
why al the curves were mirrored) the actua curve associated with these surveysis
uncertain. The long ascending limb apparently attempts to capture the recent increase in
amall fish which are certainly available and captured by the trawl gear. The ascending
form of the curve however under longer term conditions of recruitment remains
uncertain.
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Given the predominately length-based formulation of this assessment (dueto a
lack of more comprehensive age data), individual year- specific recruitments are difficult
to estimate over a broader expanse of years. This, in addition to the fact that blackgill
recruit to the fishery and mature over awide range of ages (about 10 years), means that
recruitment of periodic strong and wesk year classes would be “smeared” over a decade
or s0. Thisisillugtrated to some extent in Figure 41 by the smoothness of the historic
trgectory of recruitment. A number of year classes are, however, prominent including
severd during the 1970s and early 1980s and more recently the 1991 and 1997 year
classes. The model assumed deterministic Beverton-Halt recruitment dynamics for the
years 1950-1970, with steegpness (h) equa to 0.65, after which stochastic recruitment
from 1971-2004 were alowed to deviate from the expected stock-recruitment curve
(sgmaR=0.5). Recruit deviations are shown as along term decline from mean
recruitment from the early 1970s to the mid 1980s followed by a period of increasein
recruitment during the early to mid 1990s. Until additiond age data are incorporated into
the modd it may be too optimigtic to estimate recruitment deviations over a broader
window of time. Neverthdess, it may be desirable to propagate whatever long-term
recruitment uncertainty does exigt into the find modd output. The presence of numerous
20-26 cm blackgill in the 2000-2004 survey length compasitions, corresponding to an age
of about 10 years, are cons stent with the sequence of positive recruitment deviations
(from log mean recruitment from the curve) during the early to mid 1999s.

Given the time series of deterministic and stochadtic recruitments, in combingtion
with the fishery caiches and life history parameters (growth, maturity and natura
mortality), the spawning stock biomass of blackgill rockfish is estimated to have declined
from a high of 9,503 mt in 1950 to alow of 4,797 mt in 1999 (Table 19, Figure 41).
Since 1999, spawning stock biomass has increased dightly to its present level of 4,977 mt
in 2004. Thisnomina increase is due more to lower fishery catches and residua growth
of survivorsin the population than to increased recruitment over the past 10 years, since
blackgill take nearly 20 years of age to reach 50% meaturity. From an assumed
unexploited stock in 1950 (%Bzero = 100), a steedy increase in exploitation to over 1,100
mt in 1987 resulted in a corresponding decline in stock biomass (Figure 41). Stock
biomass fell most rgpidly during the late 1980s, as aresult of consecutive years of
historically large removals. Between 1980 and 1997, estimated spawning biomass fell
from 86% of the unexploited leve in 1980 to 51% by 1997. The 2005 blackgill rockfish
spawning biomass is presently estimated to be a 52% of the unexploited levd, with
approximate asymptotic confidence intervals ranging from 42% to 62% in 2005 (Figure
42). Thereislessthan a10% probability that current spawning biomassis below the
minimum spawning biomass threshold of 25% of unfished (Figure 43).

In term of its exploitation status, blackgill rockfish are presently above both the
target biomass leve (40% unfished biomass) and the target fishing mortdity (50% SPR)
(Fgure 44). Thefull exploitation history is portrayed graphicaly in Figure 44 which
plots for each year the caculated spawning potentid ratio (SPR) and spawning biomass
level (B) rdative to their corresponding targets, F50% and B40%, respectively. Given
life history parameters and long term exploitation petterns, the fishing mortdity that
reduces the spawning biomass to 50% of the unfished leve isreferred to as F50%, which
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is the default Pacific Fishery Management Council proxy for Fusy. Similarly, the proxy
for Bysy is gpawning biomass corresponding to 40% of an unfished stock.

10-year Projections

Projections of forecasted tota catch, spawning biomass and depletion under the
base case model and for three different input values of M are givenin Table 21.
Forecasts were generated under the 40:10 harvest control rule using a 12-year average of
the relative F contribution from each fishery, beginning in 2007 and ending in 2018.
Sincethelast year of catch datain the mode was 2004, the model was extended by
assuming the same catch from each fishery for 2005 and 2006. In addition to mean bias-
corrected date variables, approximate asymptotic 95% confidence intervas of these
quantities are aso given.

Decision Analysis

The content of the decision table was aresult of extensive discusson during the
STAR pand. The assumed vdue of natura mortdity, M, was identified as an important
source of uncertainty in this assessment; this “axis of uncertainty” was therefore sdected
for incluson inthetable. As such, a12-year sequence of catch was generated from each
fishery under the base case mode and for vaues of M corresponding to M=0.03, 0.04
and 0.05. The catch streams (or “assumed State of nature’) corresponding to these values
of M were then input into the mode! asfixed levels of removals and the modd again
projected under the three different “true states of nature’ corresponding to an M=0.03,
0.04 and 0.05. An M=0.03 and M=0.05 correspond roughly to the lower 5" and 95"
percentile, respectively, of the distribution of 2005 depletion levels from the base case
mode (which assumed M=0.04). As such, the gpproximate probability associated with
each true state of nature M=0.03, M=0.04 and M=0.05 were 5%, 50% and 5%,
respectively. The decision table reports the estimated spawning biomass, relative
depletion and catch for each of these dternate Sates of nature (Table 22).

REFERENCES

Allen, M. J. and G. B. Smith. 1988. Atlas and zoogeography of common fishesin the
Bering Sea and Northeastern Pecific. NOAA Tech. Rep. NMFS 66, 151pp.

Aitchison, J,, Brown, JA.C., 1957. The Lognormal Distribution. Cambridge University
Press, Cambridge.

Akake, H., 1974. A new look at the gatistical modd identification. |EEE Transaction on
Automatic Control, AC-19, 716—723.

Butler, JL., L.D. Jacobson, and J.T. Barnes. 1999. Stock assessment for blackgill

rockfish. In Appendix to the status of the Pacific coast groundfish fishery through
1998 and recommended acceptable biological catches for 1999: stock assessment

29



and fishery evauation, 92 p. Pacific Fishery Management Council, 2130 SW Fifth
Avenue, Suite 224, Portland, Oregon, 97201.

Charnov, E.L. 1993. Life higtory invariants. Some explorations of symmetry in
evolutionary ecology. Oxford University Press, Oxford, England.

Cross, J.N. 1987. Demersd fishes of the upper continental dope off southern Cdifornia.
Cdlifornia Cooperative Oceanic Fisheries Investigations Reports 28:155-167.

Dick, E.J. 2004. Beyond ‘lognormal versus gammad : discrimination among error
digtributions for generdized linear models. Fish. Res. 70, 351-366.

Dorn, M. 2002. Advice on west coast rockfish harvest rates from Bayesian meta-andysis
of stock-recruitment relationships. N. Am. J. Fish. Manage. 22:280-300.

Eschmeyer, W. N., E. S. Herald, and H. Hammann. 1983. A field guide to Pecific Coast
fishes of North America: from the Gulf of Alaskato Bga, Cdifornia Houghton
Mifflin, Bogton.

Gunderson, D.R. 1997. Trade-off between reproductive effort and adult surviva in
oviparous and viviparous fishes. Can. J. Fish. Aquat. Sci. 54:990-998.

Gunderson, D.R., M. Zimmerman, D.G. Nichol, and K. Perason. 2003. Indirect estimates
of naturd mortdity rate for arrowtooth flounder (Atheresthes stomias) and
darkblotched rockfish (Sebastes crameri). Fish. Bull. 101:175-182.

Helser, T.E, A.E. Punt, R.D. Methot, R.D., 2004. A generdized linear mixed modd
andyss of amulti-vessd fishery resource survey. Fish. Res. 70, 251-264.

Heser, T. E., H. La, |. J. Stewart. 2004. A Bayesian hierarchical meta-andyss of growth
for the genus Sebastes in the eastern Pacific Ocean. In, Symposium on Dynamics and
Exploitation on Marine Living Resources. ICES C.M. 2004/K:21.

Hoenig, J. M. 1983. Empirica use of longevity datato estimate mortality rates. Fish.
Bull. 82: 898-903.

Love M. S, P. Morris, M. McCrae and R. Callins. 1990. Life History aspects of 19
rockfish species (Scorpaenidae; Sebastes) from the Southern Cdifornia Bight.
NOAA Tech. Rep. NMFS 87 38 pp.

McCullaugh, P., Nelder, JA., 1989. Generdized Linear Modds, 2nd ed. Chapman &
Hall, New York.

Mearns, A.J,, M.J. Allen, M.D. Moore and M.J. Sherwood. 1980. Didtribution,
abundance, and recruitment of soft-bottom rockfishes (Scorpaenidae: Sebastes) on
the southern Cdiforniamainland shelf. Cdifornia Cooperative Oceanic Fisheries
Investigations Reports 20:180-190.

30



Moser, H. G. and E. H. Ahlstrom. 1978. Larvae and pelagic juveniles of blackgill
rockfish, Sebastes melanostomus, taken in midwater trawls off Southern Cdifornia
and Bgja Cdifornia. J. Fish. Res. Bd. Can. 35: 981-996.

Pennington, M., 1983. Efficient estimators of abundance for fish and plankton surveys.
Biometrics 39, 281-286.

Rogers, J.B. 2003. Species dlocation of Sebastes and Sebastolobus sp. Caught by foreign
countires from 1965 through 1976 off Washington, Oregon and Cdifornia, USA.
U.S. Department of Commer., NOAA Tech. Memo. NMFS-NWFSC-57, 117 p.

Sefénsson, G., 1996. Anaysis of groundfish survey abundance data: combining the
GLM and delta approaches. ICES J. Mar. Sci. 53, 577-588.

Stevens, M.M., A.H. Andrews, G.M. Callliet, K.H. Coade, and C.C. Lundstrom. 2004.
Radiometric vdidation of age, growth, and longevity for the blackgill rockfish
(Sebastes melanostomus). Fish. Bull. 102:711-722.

Wyllie-Echeverrig, T. 1987. Thirty-four species of California rockfish: maturity and
seasondity of reproduction. Fish. Bull. U. S. 85: 229-240.

31



Table 1. Landings of Blackgill rockfish (mt) from 1978 — 2004 compiled from
PacFIN (Oregon and Washington) and CaCOM (California) databases.

Landingsin mt by State

Y ear California Oregon W ashington Total
1978 315 0 0 315
1979 304 0 0 304
1980 470 0 0 470
1981 253 0 0 253
1982 427 0 0 428
1983 598 0 0 599
1984 327 0 0 328
1985 505 0 0 505
1986 959 0 0 960
1987 877 0 0 878
1988 1,031 0 0 1,031
1989 541 1 0 542
1990 676 1 0 678
1991 476 10 0 486
1992 780 3 0 783
1993 401 16 0 417
1994 376 5 0 381
1995 349 6 9 364
1996 366 2 5 373
1997 268 3 11 282
1998 228 2 1 231
1999 47 4 3 55
2000 85 2 2 89
2001 128 3 0 131
2002 139 1 0 140
2003 185 2 1 189
2004 161 1 1 162
Total 11,273 68 33 11,373
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Table 2. Blackgill rockfish landings (mt) by PFMC area compiled from PacFIN and
CaCOM databases.

Landingsby INPFC Area

Y ear Conception ~ Monterey Eureka Columbia  Vancouver Total
1978 216 99 0 0 0 315
1979 290 14 0 0 0 304
1980 401 69 0 0 0 470
1981 168 85 0 0 0 253
1982 337 90 2 0 0 428
1983 333 265 0 0 0 599
1984 267 61 0 0 0 328
1985 412 92 0 0 0 505
1986 822 135 3 0 0 960
1987 830 48 17 0 0 878
1988 948 83 41 0 0 1031
1989 463 78 5 1 0 542
1990 478 199 25 1 0 678
1991 399 76 12 6 1 486
1992 647 133 2 2 0 783
1993 352 49 10 6 0 417
1994 335 41 2 3 0 381
1995 276 73 2 8 6 364
1996 268 97 8 3 4 373
1997 159 110 1 5 9 282
1998 154 74 3 1 1 231
1999 26 21 7 5 3 55
2000 17 68 1 2 2 89
2001 49 79 2 2 0 131
2002 81 58 9 1 0 140
2003 125 61 3 2 1 189
2004 79 82 1 1 0 162
Total 8932 2338 156 51 33 11373
Per cent 79% 21% 1% 0% 0% 100%
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Table 3. Blackgill rockfish landings (mt) by condensed port group, 1978-2004.

Blackgill rockfish landings (mt) by port group

Crescent City- Bodega- Monterey- Morro Bay- Los Angeles-
Y ear Eureka Ft.Bragg San Francisco SantaBarbara San Diego Total
1978 0 3 96 25 191 315
1979 0 5 9 38 252 304
1980 0 51 18 55 346 470
1981 0 4 81 72 96 253
1982 0 a7 42 198 139 428
1983 0 188 77 42 291 599
1984 0 26 34 23 245 328
1985 0 50 43 59 353 505
1986 3 43 94 181 641 960
1987 17 35 13 487 343 878
1988 41 10 73 804 144 1,031
1989 5 25 53 384 79 542
1990 25 55 144 261 217 678
1991 9 47 29 240 159 486
1992 1 62 71 407 242 783
1993 0 5 44 224 127 417
1994 1 7 35 178 157 381
1995 2 25 48 145 131 364
1996 7 27 71 146 123 373
1997 1 43 68 114 45 282
1998 3 33 41 143 11 231
1999 9 1 20 24 2 55
2000 1 44 24 13 5 89
2001 1 45 35 39 10 131
2002 9 32 26 51 30 140
2003 2 3 58 92 32 189
2004 1 14 38 46 33 162
Total 136 962 1,383 4,491 4,444 11,373
Percent 1% 8% 12% 39% 39% 100%




Table 4. Blackgill rockfish landingsin Cdifornia (mt) by gear type compiled
from the CalCOM database.

Landings by gear type

Y ear Hook and Line Setnet Trawl Total
1978 208 1 105 315
1979 284 8 12 304
1980 390 1 79 470
1981 170 4 79 253
1982 202 134 91 427
1983 288 16 294 598
1984 142 119 66 327
1985 219 160 126 505
1986 340 354 265 959
1987 356 390 131 877
1988 319 491 221 1,031
1989 247 197 97 541
1990 339 117 220 676
1991 294 5 128 476
1992 493 136 151 780
1993 245 38 117 401
1994 245 10 121 376
1995 175 43 131 349
1996 200 9 157 366
1997 133 5 131 268
1998 111 2 116 228
1999 19 0 28 47
2000 32 0 53 85
2001 38 0 89 128
2002 75 1 62 139
2003 123 8 55 185
2004 64 2 95 161
Total 5,752 2,300 3,221 11,273
Per cent 51% 20% 29%
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Table 5. Blackgill rockfish landings (mt) by gear type in the PFMC Conception and
Monterey areas. Percentages are given by gear within agiven INPFC area.

Landings by gear typein Conception and Monterey

CONCEPTION MONTEREY Grand
Y ear H&L Setnet  Trawl* Total H& L Setnet Trawl* Total Total
1978 206 1 9 216 2 0 105 107 324
1979 283 7 0 290 1 0 14 15 305
1980 389 1 11 401 0 0 75 75 476
1981 131 3 5 139 10 0 81 91 230
1982 197 3 4 204 0 3 95 98 302
1983 287 4 31 322 0 0 289 289 611
1984 142 115 10 267 0 3 62 66 333
1985 218 160 36 414 1 0 100 101 515
1986 334 346 148 828 6 8 135 148 976
1987 354 389 20 833 2 1 49 52 885
1988 315 451 190 956 5 40 42 86 1,042
1989 231 177 57 465 16 20 46 82 547
1990 335 107 37 479 4 10 201 215 695
1991 294 48 59 402 0 5 77 83 484
1992 424 134 93 651 69 3 66 139 790
1993 243 36 75 355 2 2 49 53 408
1994 242 7 89 338 3 3 38 44 383
1995 156 40 83 279 19 3 56 78 357
1996 176 7 89 272 24 2 78 104 376
1997 92 5 65 161 41 0 74 116 277
1998 92 2 64 157 20 0 59 79 236
1999 14 0 13 27 5 0 17 23 49
2000 13 0 4 17 19 0 54 73 90
2001 24 0 25 50 14 0 71 85 135
2002 57 1 24 82 18 0 43 62 143
2003 81 6 39 126 42 2 19 62 189
2004 54 1 26 80 10 1 77 88 168
Total 5,385 2,051 1,376 8,812 332 108 2,072 2,512 11,324

Per cent 60% 23% 15% 78% 14% 5% 89% 22%

* Discard rate of 4.3% and 9.0% applied to the trawl fishery for the Monterey and Conception areas, respectively.

36



Table 6. Ex-vessd vaue (in price per pound) by gear type of blackgill rockfish (BLGL)
and nomind blackgill rockfish (BGL 1) market categories from 1981-2004. Price per
pound has not been inflation adjusted.

Ex-vessel value (price per pound) by gear type!

Blackgill Rockfish (BLGL) Nominal Blackgill Rockfish (BGL 1)
Y ear H&L Nets Trawl H&L Nets Trawl Average
1981 0.579 0.465 0.175 0.260 - - 0.370
1982 0.601 0.430 0.192 0.405 - - 0.407
1983 0.638 0.482 0.215 0.250 0.238 0.230 0.342
1984 0.679 0.491 0.242 0.534 0.423 0.350 0.453
1985 0.705 0.530 0.276 0.621 0.544 0.353 0.505
1986 0.657 0.540 0.299 0.643 0.283 0.454 0.479
1987 0.662 0.524 0.298 0.631 0.475 0.485 0.513
1988 0.578 0.404 0.327 0.678 0.389 - 0.475
1989 0.752 0.412 0.296 0.659 0.438 0.353 0.485
1990 0.746 0.863 0.292 0.659 0.471 0.345 0.563
1991 1.032 0.685 0.315 0.680 0.532 0.360 0.601
1992 0.890 0.587 0.328 0.591 0.526 0.377 0.550
1993 1.062 0.859 0.397 0.685 0.548 0.382 0.656
1994 0.729 0.562 0.403 0.758 0.674 0.474 0.600
1995 0.772 0.778 0.401 0.766 0.610 0.412 0.623
1996 0.750 0.5%4 0.412 0.805 0.700 0.460 0.620
1997 0.811 0.963 0.358 0.892 0.455 0.330 0.635
1998 1.078 0.949 0.423 0.825 0.731 0.595 0.767
1999 0.963 0.486 0.437 0.889 0.620 0.410 0.634
2000 1.257 - 0.490 1.468 0.938 0.446 0.920
2001 1127 0.842 0.535 1.422 0.853 0.429 0.868
2002 1.160 0.816 0.518 0.975 1.228 0.549 0.875
2003 1.355 - 0.549 0.949 0.936 0.568 0.871
2004 1.159 0.853 0.635 1.372 1.007 0.500 0.921
Average 0.864 0.641 0.367 0.767 0.619 0.422 0.614

L Ex-vessal priceis not inflation adjusted and represents doller value of the landings divided by landed catch
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Table 7. Estimates of totdl catch and discard fraction from the West Coast Observer
Program from 2002-2004. Discard rates given are calculated as the sum (over dl years)
of the discards over the sum of the tota catch (retained+discard).

Monterey Conception
Y ear Hauls>0 Catch(lb) Discard(lb) Hauls>0 Catch (Ib) Discard (Ib)
2002 51 7,870 2,800 29 476 7
2003 26 199 31 16 3,920 32
2004 108 27,840 414 20 1,184 202
Sum over years 35,909 3,245 5,580 241
Discard rate 9.04% 4.32%
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Table 8. Post-dratified data and Statistics summary for blackgill rockfish caught at
depths between 300-567 m in the dope survey (AFSC and NWFC surveys combined).

Total number and number positive tows by year and spatial strata.

AFSC Slope NWFSC Slope
Monterey Conception Monterey Conception
Total # tows Total # tows Total # tows Total # tows
Year # tows >0 # tows >0 Year # tows >0 # tows >0
1997 11 5 9 6 1997 - - - -
1998 - - - - 1998 - - - -
1999 12 6 8 6 1999 34 18 9 1
2000 13 8 8 3 2000 30 13 13 7
2001 14 7 8 5 2001 27 10 15 8
2002 2002 41 17 27 13
2003 2003 22 6 38 13
2004 2004 8 1 35 12
Summary statistics (mean, CV) for all tows in Ka/2ha.

Monterey Conception Monterey Conception
Year mean cv mean cv Year mean cv mean cv
1997 16 0.46 2.4 0.59 1997 - - - -
1998 - - - - 1998 - - - -
1999 7.9 0.68 55 0.52 1999 1.7 0.29 0.1 0.85
2000 3.2 0.39 8.2 0.85 2000 2.3 0.31 1.7 0.45
2001 44 0.44 4.2 0.61 2001 4.9 0.55 1.2 0.43
2002 2002 1.9 0.30 6.1 0.53
2003 2003 1.2 0.90 1.9 0.40
2004 2004 1.0 1.00 8.0 0.50

Summary statistics (mean, CV) for all postive tows in kg/2ha.

Monterey Conception Monterey Conception
Year mean cv mean cVv Year mean cv mean cv
1997 35 0.33 3.6 0.56 1997 - - - -
1998 - - - - 1998 - - - -
1999 15.9 0.64 7.4 0.48 1999 3.6 0.25 0.8 -
2000 5.2 0.33 21.6 0.79 2000 5.4 0.22 3.1 0.39
2001 8.8 0.35 6.7 0.55 2001 13.0 0.52 2.1 0.35
2002 2002 4.6 0.24 12.6 0.50
2003 2003 4.2 0.88 5.7 0.34
2004 2004 7.2 0.50 21.1 0.44

In 1998, the NWFSC slope survey focused primarily on DTS species and therefore
catch information is not available for slope rockfish.
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Table 9. Post-dratified data and Statistics summary for blackgill rockfish caught at
depths between 300-567 m in the AFSC triennid shelf survey (Note: 2004 was conducted
by NWFC).

Total number and number positive tows by year and spatial strata.

Monterey Conception
Tota #tows Total # tows
Y ear #tows >0 #tows >0
1995 23 15 22 11
1998 31 18 22 12
2001 30 23 24 18
2004 20 18 13 8
Summary statistics (mean, CV) for all towsin Kg/4ha

Monterey Conception

Y ear mean cv mean oV

1995 290 0.27 3.98 0.40
1998 4.88 0.35 6.61 041
2001 5.45 0.30 8.12 0.30
2004 9.95 0.47 9.32 0.37
Summary statistics (mean, CV) for al postive tows in kg/4ha.
Monterey Conception
Y ear mean oV mean oV
1995 4.45 0.22 7.96 0.34
1998 8.40 031 1211 0.37
2001 7.10 0.28 10.92 0.26
2004 11.06 0.46 15.16 0.30
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Table 10. Predicted proportion positive, catch rate given positive haul (kg/2 Ha) and
biomass (mt) of blackgill rockfish between 300-567 m from the Delta- GLM applied to
AFSC dope survey.

Predicted proportion positive based on Delta-GLM model

Monterey Conception
fraction fraction

Year pos. cVv pos. cVv
1997 0.37 0.31 0.45 0.27
1998 - - - -
1999 0.43 0.29 0.50 0.27
2000 0.38 0.30 0.45 0.29
2001 0.44 0.26 0.51 0.26
2002 - - - -
2003 - - - -
2004 - - - -

Predicted catch rate (kg/2 Ha) given positive haul
based on Delta-GLM model

Monterey Conception
Year mean cv mean cv
1997 3.6 0.69 3.6 0.63
1998 - - - -
1999 16.0 0.63 7.4 0.64
2000 5.3 0.50 20.9 1.67
2001 8.9 0.61 6.8 0.70
2002 - - - -
2003 - - - -
2004 - - - -

Predicted biomass (mt) by strata

Monterey Conception
Year bio. cV bio. cV
1997 162.2 0.82 833.6 0.75
1998

1999 828.1 0.79 1920.3 0.74
2000 244.8 0.65 4856.8 1.76
2001 481.3 0.72 1771.2 0.79
2002 - - - -
2003 - - - -
2004 - - - -
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Table 11. Predicted proportion positive, catch rate given positive haul (kg/2 Ha) and
biomass (mt) of blackgill rockfish between 300-567 m from the Delta- GLM applied to
NWFSC dope survey.

Predicted proportion positive based on Delta-GLM model

Monterey Conception
fraction fraction
Year pos. cv pos. cv
1999 0.43 0.21 0.48 0.21
2000 0.50 0.19 0.55 0.19
2001 0.46 0.21 0.52 0.20
2002 0.47 0.18 0.52 0.17
2003 0.29 0.29 0.34 0.24
2004 0.26 0.34 0.31 0.28

Predicted catch rate (kg/2 Ha) given positive haul
based on Delta-GLM model

Monterey Conception
Year mean cv mean cV
1999 3.4 0.66 1.0 7.49
2000 6.6 0.59 3.1 0.91
2001 11.8 0.67 2.7 0.79
2002 4.0 0.53 10.8 0.52
2003 4.5 0.77 5.2 0.55
2004 5.7 5.50 21.3 0.63

Predicted biomass (mt) by strata

Monterey Conception

Year bio. cv bio. cV

1999 180.91 0.69 236.22 9.01
2000 390.71 0.66 863.84 1.00
2001 659.74 0.68 704.10 0.82
2002 229.76 0.59 2881.06  0.57
2003 158.64 0.95 925.08 0.66
2004 186.67 4.66 3436.27  0.72
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Table 12. Predicted proportion positive, catch rate given postive haul (kg/2 Ha) and
biomass (mt) of blackgill rockfish between 300-567 m from the Delta- GLM applied to
AFSC triennid shdf survey.

Predicted proportion positive based on Delta-GLM model

Monterey Conception
fraction fraction
Year pos. cv pos. CcVv
1995 0.62 0.13 0.49 0.18
1998 0.63 0.12 0.49 0.17
2001 0.81 0.07 0.71 0.11
2004 0.85 0.08 0.76 0.11

Predicted catch rate (kg/2 Ha) given positive haul
based on Delta-GLM model

Monterey Conception
Year mean cv mean cVv
1995 3.2 0.41 3.3 0.50
1998 3.4 0.37 4.8 0.47
2001 3.2 0.31 4.9 0.38
2004 3.8 0.37 5.8 0.65

Predicted biomass (mt) by strata

Monterey Conception

Year bio. cv bio. cVv

1995 122.28 0.44 517.33 0.44
1998 129.89 0.40 604.68 0.53
2001 158.66 0.33 900.19 0.39
2004 195.24 0.38 1150.28 0.65
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Table 13. Biologicd samples (number of trips sampled and number of length
measurements) for Blackgill rockfish from PacFIN BDS data base by gear typein

Conception and Monterey.
CONCEPTION MONTEREY
Hook and Line Set Net Trawl Hook and Line Set Net Trawl

Year #Trips #Lots #Trips #Lgts #Trips #Lgts #Trips #Lgts  #Trips #Llgts  #Trips  #Lgts
1978 - - - - - - - - - - - -
1979 - - - - - - - - - - - -
1980 - - - - - - - - - - - -
1981 - - - - 1 4 - - - - 5 28
1982 - - 1 12 1 2 - - - - 13 115
1983 - - - - 8 20 - - - - 36 249
1984 - - - - 13 77 - - - - 28 224
1985 - - - - 34 410 - - - - 55 542
1986 58 1957 90 1469 33 239 - - 2 2 45 494
1987 53 1781 53 776 19 154 - - - - 25 242
1988 25 878 31 827 26 290 - - 2 31 20 141
1989 10 282 7 166 12 69 - - 6 22 28 70
1990 13 376 11 209 17 170 - - 14 31 19 116
1991 - - - - 29 416 - - 2 18 41 462
1992 1 41 1 24 13 366 6 129 - - 11 173
1993 2 46 - - 10 231 - - 1 2 18 225
1994 1 42 - - 8 168 - - 1 1 9 30
1995 2 65 - - 19 476 - - - - 7 96
1996 1 48 - - 33 665 - - - - 10 47
1997 3 89 - - 14 527 - - - - 21 103
1998 1 4 13 525 - - - - 18 154
1999 1 53 - - 6 158 - - - - 14 285
2000 1 1 - - 3 24 2 41 - - 18 375
2001 - - - - 1 3 4 61 1 2 22 235
2002 - - - - 4 98 - - 39 427
2003 - - - - 4 10 2 22 - - 19 287
2004 - - - - 1 8 2 5 - - 13 108




Table 14. Biologica samples (number of trips sampled and number of length
measurements) for Blackgill rockfish taken in the AFSC and NWFSC shelf and slope
trawl surveyswithin INPFC area.

Monterey

NWFSC Slope AFSC Slope AFSC Shelf
year #hauls #lengths #hauls #lengths  #hauls #lengths
1995 - - - - 14 93
1998 - - - - 18 193
1999 - - 11 276 - -
2000 - - - - - -
2001 - - 15 273 24 193
2003 - - - - -
2004 1 15 - - 19 154

Conception

NWFSC Slope AFSC Slope AFSC Shelf
year #hauls #lengths  #hauls #lengths #hauls #lengths
1995 - - - - 9 101
1998 - - - - 11 142
1999 - - 10 106 - -
2000 - - - - - -
2001 - - 8 230 18 232
2003 13 72 - - -
2004 12 3% - - 9 114
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Table 15. Biologica parameters used in the blackgill rockfish assessment.

Function Parameter Males Females
W-L " 1.01E-05 1.01E-05
3 3.12 3.12
von Bertalanffy Lg 54.5 44.5
K 0.04 0.068
T, -4.48 -2.37
Maturity " - 34
3 - -0.866
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Table 16. Conditiond age at length samples for blackgill rockfish from the 1998 triennid shelf survey. Data provided courtesy of

Méelissa Stevens.

Lower Lower Age bin
Sex__Length bin 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70
F 2 0.997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000 0.000 0.997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000 0.498 0.000 0.000 0.000 0.000 0.000 0.498 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.399 0.199 0.399 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.166 0.000 0.498 0.000 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000 0.249 0.249 0.249 0.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.125 0.000 0.125 0.125 0.249 0.125 0.000 0.125 0.000 0.125 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000 0.166 0.000 0.000 0.332 0.000 0.498 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.249 0.000 0.000 0.000 0.249 0.249 0.000 0.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000 0.166 0.000 0.000 0.000 0.166 0.000 0.000 0.166 0.000 0.166 0.166 0.166 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
15 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.332 0.000 0.000 0.000 0.332 0.000 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
16 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.332 0.000 0.000 0.000 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.332 0.000 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.166 0.000 0.000 0.000 0.000 0.000 0.000 0.166 0.000 0.000 0.000 0.166 0.000 0.166 0.000 0.000 0.166 0.000 0.000 0.000 0.000 0.000
19 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.332 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000
20 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.997 0.000 0.000
23 0.000 _0.000__0.000_ 0.000__0.000 0.000__0.000_ 0.000 0.000 _0.000_ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000_ _0.000 0.000 0.000 _0.000_ 0.000 0.000 0.000 0.498 0498 0.000 0.000 0.000_ _0.000_ _0.000
M 3 0.000 0.997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.332 0.332 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 0.000 0.498 0.249 0.000 0.000 0.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 0.000 0.498 0.000 0.498 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000 0.332 0.332 0.332 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9 0.000 0.166 0.332 0.000 0.166 0.166 0.000 0.166 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000 0.332 0.166 0.166 0.166 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.166 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.000 0.100 0.100 0.299 0.100 0.000 0.199 0.000 0.000 0.000 0.199 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 0.000 0.000 0.000 0.000 0.000 0.374 0.000 0.125 0.125 0.125 0.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.125 0.000 0.000 0.000 0.000 0.125 0.000 0.374 0.125 0.125 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.125 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.285 0.000 0.000 0.000 0.285 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.285 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.142 0.000 0.000 0.000 0.000 0.000
15 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.166 0.000 0.166 0.166 0.000 0.166 0.000 0.166 0.000 0.000 0.166 0.000 0.000 0.000 0.000 0.000 0.000
16 0.000 0.000 0.000 0.142 0.000 0.000 0.000 0.000 0.142 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.142 0.000 0.000 0.000 0.000 0.285 0.000 0.000 0.142 0.000 0.000 0.000 0.000 0.000 0.000 0.142 0.000 0.000
17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.249 0.000 0.000 0.000 0.249 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.249 0.000 0.000 0.000 0.249
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 17. Parameter assumptions and set up of Stock Synthesis (Ver. 1.19) for blackgill

rockfish.
Number Bounds
Parameter Estimated (low.high) Prior (Mean, SD)
Natural Mortality - NA Fixed at 0.04
Stack and recriiitment
Ln(Rzero) 1 (3,31 ~N(15,99)
Steepness - NA Fixed at 0.65
SigmaR - NA Fixed at 0.5
Ln(Reruitment deviations): 1970-2004 35 (-15,15) ~Ln(N(0.Sigma R))
Catchability
LNn(AFSC Shelf survey) 1 (-5,3) ~N(-1,99)
Ln(AFSC slopesurvey) 1 (-5°3) ~N(-1,99)
Selectivity (double logistic)

Hook & Line and Set net Fishery:

Initial selectivity - NA Fixed a 0.0
Ascending inflection (arcsin trans.) 1 (-10,10) ~N(.1,99)
Ascending slope - NA Fixed at 0.2
Length at peak 1 (20,80) ~N(40,99)
Final selectivity 1 (-10,10) ~N(0.1,99)
Descending inflection (arcsin trans.) - NA Fixed at 0.0
Descending slope - NA Fixed at 0.3
Note: Set net fishery mirrors H&L fishery
Trawl fishery:

Initial selectivity - NA Fixed at 0.0
Ascending inflection (arcsin trans.) 1 (-10,10) ~N(.1,99)
Ascending slope - NA Fixed at 0.2
Length at peak 1 (20,80) ~N(40,99)
Fina selectivity - NA Fixed at 0.0
Descending inflection (arcsin trans.) - NA Fixed at 0.0
Descending slope - NA Fixed at 0.3
Block offset for peak selectivity (1978 - 1990, 1991 - 2004) 3
AFSC shelf, AFSC slope surveys:

Initial selectivity - NA Fixed at 0.0
Ascending inflection (arcsin trans.) 1 (-10,10) ~N(.1,99)
Ascending slope 1 (0.0001,10) ~N(.3,0.1)
Length at peak - NA Fixed at 45
Final selectivity 1 (-10,10) ~N(0.1,99)
Descending inflection (arcsin trans.) - NA Fixed at 0.0
Descending slope - NA Fixed at 0.3
Note: surveys mirrored

Individual arowth

Females:

Length at age 2 1 (8,32 ~N(12,99)
Length at age 70 1 (30,80) ~N(53,99)
von Bertalanffy K 1 (0.01,0.1) ~N(04,99)
CV of length at age 2 1 NA Fixed at 0.08
Males:

Lmax as offset to females 1 (-33) ~N(-2,99)

K as offset to females 1 (-33) ~N(0.53,99)

Total number of parameters: 20 + 35 recruitment devs =55
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Table 18. Results of base case mode to uncertainty in assumptions about: 1) fishery and
survey sdlectivity, 2) seepness on the stock-recruitment relationship, 3) natura mortdity,
and 4) leved of higtoric catches prior to 1978.

Base Selectivity options Steepness M Historic Catch

2a asymptotic fulldome  surv. Sel 0.30 0.90 0.02 0.07 0.5x 2.0x
Likelihoods
Objective function 877.760 883.105 873.768 977.359 878.545 877.512 899.057 897.986 876.273 876.909
Indices -3.942 -3.943 -3.942 -4.049 -3.825 -3.983 -3.060 -3.824 -3.908 -3.996
Length Frequencies 552.825 558.381 548.822  617.612 554.048 552.412 558.568 566.245 552.297 554.021
Recruitment -19.806 -19.779 -19.810 13.562 -19.850 -19.791 -18.710  -19.447 -19.810 -19.770
Priors 2.182 2.257 2.225 4.237 2.337 2.115 2.203 4.603 2.143 2.267
AFSC shelf survey likelihood -3.600 -3.601 -3.600 -3.798 -3.500 -3.635 -2.832 -3.531 -3.571 -3.647
AFSC slope survey likelihood -0.342 -0.342 -0.342 -3.798 -0.325 -0.348 -0.227 -0.293 -3.571 -3.647
H&L fishery LF likelihood 77.271 78.516 76.697 77.303 77.446 77.209 76.110 84.073 76.844 78.116
Set net fishery LF likelihood 78.278 81.623 77.191 76.437 78.246 78.293 73.807 80.983 78.043 78.674
Trawl fishery LF likelihood 314.034 314.947 311.660 319.955 314.692 313.823 324.919 316.553 314.151 314.013
AFSC shelf LF likelihood 53.864 54.028 54.059 59.205 54.346 53.686 55.245 54.943 53.915 53.762
AFSC slope LF likelihood 29.378 29.267 29.215 84.712 29.318 29.402 28.487 29.693 29.344 29.456
AFSC shelf age likelihood 354.818 354.506 354.791  355.701 354.153 355.076 368.373  358.727 355.255 354.092
Parameters
Log Rzero 7.229 7.242 7.215 7.896 7.218 7.232 5.719 10.809 7.17016 7.3455
log AFSC shelf survey catchability 0.091 0.089 0.094 0.029 0.093 0.090 0.277 0.009 0.097 0.079
log AFSC slope survey catchability 0.238 0.233 0.246 0.074 0.244 0.236 0.714 0.024 0.255 0.207
H&L/set net fishery peak selectivity 44.077 44.408 44,199 43.899 44.098 44,069 42.752 44.641 44,011 44.195
H&L/set net fishery ascending inflection 2.151 2.106 2.142 2.149 2.147 2.153 2.139 2.294 2.149 2.154
H&L/set net fishery final selectivity -8.668 100.000 -8.549 -8.512 -8.664 -8.670 -8.530 -8.709 -8.667 -8.667
Trawl fishery peak selectivity (1978-1990) 41.645 41.743 41.644 41.340 41.698 41.624 39.956 43.620 41.534 41.842
Trawl fishery ascending inflection 1.966 1.956 1.968 41.340 1.953 1.971 1.935 2.006 41.534 41.842
Trawl fishery peak selectivity (1990-2004) 36.525 36.475 36.493 41.340 36.462 36.547 36.165 37.902 36.527 36.516
Trawl fishery final selectivity 0.000 100.000 0.200 0.300 0.000 0.000 0.000 0.000 0.000 0.300
AFSC shelf ascending inflection 0.486 0.477 0.501 0.625 0.378 0.523 0.293 0.956 0.497 0.461
AFSC shelf ascending slope 0.122 0.117 0.118 0.077 0.112 0.126 0.096 0.154 0.121 0.123
AFSC shelf final selectivity 100.000 100.000 9.256 100.000 100.000 100.000 100.000 100.000 100.000 100.000
AFSC slope peak - - - 20.231 - - - - - -
AFSC slope ascending inflection - - - 0.341 - - - - - -
Management quantities
Bzero (mt) 9503 9502 9325 18902 9407 9535 6916 62132 8929 10750
Rzero 1378 1397 1360 2686 1364 1383 305 49461 1300 1549
2005 spawning biomass 4977 5048 4823 17530 4703 5075 1411 55417 4632 5766
Current (2005) depletion 52.4% 53.1% 51.7% 89.4% 50.0% 53.2% 20.4% 89.2% # 51.9% 53.6%

Asymptotic SD depletion

42%-63%

42%-64%

41%-60%

79%-99%

41%-61%

42%-63%

11%-31%

79%-91%

42%-62%

43%-64%
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Table 19. higtoric estimates of total biomass, spawning biomass, recruitment and
depletion of blackgill rockfish.

Age-0 Age-0
Total Spawning Depletion recruits Total Spawning Depletion recruits
Y ear biomass (mt) __biomass (mt) %Bzero (10009) Year biomass (mt)  biomass (mt) %Bzero (1000s)
1950 21,558 9,503 100.0% 1,378 1978 19,975 8,564 89.2% 1,325
1951 21,558 9,503 100.0% 1,378 1979 19,814 8473 87.7% 1,254
1952 21,553 9,500 99.9% 1,378 1980 19,577 8,335 85.7% 1,192
1953 21,545 9,495 99.8% 1,378 1981 19,259 8,148 85.3% 1,042
1954 21,531 9,486 99.7% 1,378 1982 19,190 8,108 84.5% 1,439
1955 21,511 9,473 99.5% 1,378 1983 19,070 8,032 83.2% 1,712
1956 21,486 9,457 99.3% 1,377 1984 18,850 7,907 81.5% 1,112
1957 21,453 9,436 99.0% 1,377 1985 18,548 7,741 78.8% 681
1958 21,410 9,408 98.6% 1,376 1986 18,104 7,486 73.7% 705
1959 21,355 9,373 98.3% 1,375 1987 17,284 7,003 69.2% 835
1960 21,304 9,341 98.0% 1,374 1988 16,567 6,579 64.1% 882
1961 21,255 9,310 97.7% 1,374 1989 15,718 6,089 61.8% 825
1962 21,215 9,284 97.4% 1,373 1990 15,333 5,875 59.0% 967
1963 21,177 9,260 97.1% 1,372 1991 14,824 5,607 57.4% 1,522
1964 21,125 9,227 96.9% 1371 1992 14,509 5451 54.1% 1,403
1965 21,001 9,205 96.6% 1371 1993 13,912 5,144 53.1% 1,043
1966 21,046 9,176 95.8% 1,370 1994 13,670 5,044 52.2% 963
1967 20,930 9,106 94.4% 1,368 1995 13,454 4,961 51.5% 909
1968 20,694 8,966 93.8% 1,365 1996 13,266 4,895 50.8% 1,027
1969 20,607 8914 93.5% 1,363 1997 13,068 4,823 50.5% 1,295
1970 20,569 8,890 93.2% 1,295 1998 12,966 4,801 50.5% 1,487
1971 20,503 8,859 92.9% 775 1999 12,896 4,797 51.3% 1,338
1972 20,434 8,825 92.5% 769 2000 12,995 4,879 52.0% 1,188
1973 20,385 8,790 92.1% 1,618 2001 13,054 4,938 52.3% 1,022
1974 20,327 8,752 91.7% 1,743 2002 13,072 4,971 52.5% 1,025
1975 20,242 8,711 91.2% 1,230 2003 13,086 4,990 52.4% 1,036
1976 20,159 8,666 90.7% 1474 2004 13,058 4,979 52.4% 1,035
1977 20,074 8,617 90.1% 1,564 2005 13,051 4,977 52.3% 1,197
2004 5% - 95% Asymptotic Cl 42.1% 62.5%
2005 5% - 95% Asymptotic Cl 42.0% 62.4%
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Table 20. Annud standard deviations for spawning biomass and recruitment of blackgill

rockfish from the base case modd.
SD SD SD SD
Spawning Recruitment Spawning Recruitment

Year biomass (mt) (1000s) Year biomass (mt) (1000s)
1950 852 138 1978 854 613
1951 852 138 1979 854 546
1952 852 138 1980 854 508
1953 852 138 1981 854 466
1954 852 138 1982 854 546
1955 852 138 1983 854 631
1956 852 138 1984 854 484
1957 852 138 1985 854 259
1958 852 138 1986 854 268
1959 852 138 1987 855 316
1960 852 138 1988 855 348
1961 852 138 1989 855 333
1962 852 138 1990 856 415
1963 852 138 1991 856 694
1964 852 138 1992 858 704
1965 852 138 1993 860 499
1966 852 138 1994 864 456
1967 853 138 1995 867 421
1968 853 138 1996 872 496
1969 853 138 1997 878 685
1970 853 533 1998 884 834
1971 853 322 1999 890 729
1972 853 319 2000 897 639
1973 853 816 2001 903 508
1974 853 826 2002 910 507
1975 853 573 2003 916 514
1976 84 627 2004 921 514
1977 84 703 2005 924 617
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Table 21. 10-year projections showing total catch, spawning biomass and depletion
aong with gpproximate 95% confidence intervas of blackgill rockfish under three
different input values of naturd mortdity. An M=0.04 was assumed for the base case
modd.

M=0.04
Spawning  Approx. Confidence age-0 Approx. Confidence Approx. Confidence Total Approx. Confidence
Year biomass Interval recruits Interval depletion Interval Catch Interval
2005 4960 3145 6775 617 -13 2404 52.2% 42.0% 62.4% 303 187 419
2006 4882 3130 6634 614 -12 2393 51.4% 41.6% 61.1% 299 186 411
2007 4808 3119 6498 611 -12 2383 50.6% 41.4% 59.8% 294 185 404
2008 4738 3109 6367 608 -11 2372 49.9% 41.1% 58.6% 290 185 396
2009 4673 3103 6242 605 -11 2362 49.2% 40.9% 57.4% 286 184 389
2010 4612 3100 6124 603 -10 2353 48.5% 40.8% 56.3% 282 183 381
2011 4556 3099 6013 600 -10 2344 47.9% 40.7% 55.2% 279 183 374
2012 4506 3102 5909 598 9 2336 47.4% 40.6% 54.2% 275 182 368
2013 4461 3108 5813 596 -8 2328 46.9% 40.6% 53.3% 272 182 361
2014 4420 3116 5724 594 -8 2321 46.5% 40.6% 52.4% 269 182 355
2015 4383 3126 5641 592 -7 2315 46.1% 40.6% 51.6% 266 182 349
2016 4349 3135 5563 591 -7 2309 45.8% 40.7% 50.8% 263 182 344
M=0.03
Spawning  Approx. Confidence age-0 Approx. Confidence Approx. Confidence Total Approx. Confidence
Year biomass Interval recruits Interval depletion Interval Catch Interval
2005 2777 1894 3660 507 1 1013 35.6% 27.7% 43.5% 119 70 169
2006 2784 1923 3644 507 1 1013 35.7% 28.0% 43.3% 120 72 168
2007 2790 1953 3627 508 1 1014 35.8% 28.4% 43.1% 120 73 167
2008 2796 1982 3610 508 2 1014 35.8% 28.8% 42.9% 120 75 166
2009 2802 2012 3593 508 2 1015 35.9% 29.2% 42.7% 121 76 165
2010 2808 2041 3575 509 2 1015 36.0% 29.6% 42.4% 121 78 164
2011 2815 2071 3558 509 3 1016 36.1% 30.0% 42.2% 121 80 163
2012 2821 2101 3541 510 3 1016 36.2% 30.3% 42.0% 122 81 162
2013 2828 2130 3525 510 3 1017 36.2% 30.7% 41.8% 122 83 161
2014 2835 2159 3510 510 3 1018 36.3% 31.1% 41.6% 122 84 160
2015 2841 2188 3495 511 4 1018 36.4% 31.5% 41.3% 123 86 159
2016 2847 2215 3480 511 4 1019 36.5% 31.9% 41.1% 123 87 158
M=0.05
Spawnina  Approx. Confidence age-0 Approx. Confidence Approx. Confidence Total Approx. Confidence
Year biomass Interval recruits Interval depletion Interval Catch Interval
2005 8493 4440 12545 2747 -130 5623 66.9% 55.1% 78.7% 693 345 1041
2006 8209 4354 12064 2725 -128 5578 64.7% 53.7% 75.7% 671 339 1004
2007 7946 4277 11615 2704 -126 5534 62.6% 52.5% 72.8% 650 332 968
2008 7704 4210 11197 2683 -124 5491 60.7% 51.3% 70.1% 630 327 934
2009 7482 4152 10812 2664 -122 5449 59.0% 50.3% 67.6% 612 321 902
2010 7281 4104 10458 2645 -119 5410 57.4% 49.4% 65.3% 594 316 872
2011 7101 4065 10136 2628 -117 5373 56.0% 48.7% 63.3% 578 312 843
2012 6941 4037 9845 2612 -115 5339 54.7% 48.0% 61.4% 562 308 817
2013 6800 4017 9583 2598 -112 5308 53.6% 47.5% 59.7% 548 305 792
2014 6676 4003 9349 2585 -110 5280 52.6% 47.1% 58.1% 536 302 770
2015 6566 3994 9139 2573 -108 5254 51.8% 46.7% 56.8% 524 300 749
2016 6469 3988 8949 2562 -105 5230 51.0% 46.4% 55.5% 514 298 730
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2006
Catch

Table 22. Decision table showing consequences of a 12-year harvest policy consistent
with three assumed states of nature (M=0.03, M=0.04, and M=0.05) when each
dterndive isthe true state of nature. The bottom pane gives projections for a harvest
policy congstent with the 2004-2006 catch under three different “true states of nature’ or
M=0.03, M=0.04 and M-=0.05.

TRUE STATE OF NATURE

ASSUMELC M =0.03 M =0.04 M =0.05
STATE OF NATURE 5% probability 90% probability 5% probability

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass  Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 45 1 72 2777 35.6% 2.1% 4960 52.2% 6.6% 8493 66.9% 3.9%
2008 46 1 73 2784 35.7% 2.2% 4707 49.5% 5.1% 8231 64.9% 2.9%
2009 46 1 73 2790 35.8% 2.2% 4544 47.8% 1.3% 8062 63.5% 0.8%
2010 46 1 73 2796 35.8% 2.2% 4567 48.1% 1.3% 8084 63.7% 0.8%
2011 46 1 73 2802 35.9% 2.2% 4591 48.3% 1.3% 8110 63.9% 0.8%
2012 46 1 73 280¢€ 36.0% 2.2% 4616 48.6% 1.3% 8138 64.1% 0.7%
2013 47 1 73 2815 36.1% 2.2% 4644 48.9% 1.3% 8172 64.4% 0.7%
2014 47 1 74 2821 36.2% 2.2% 4673 49.2% 1.3% 8209 64.7% 0.8%
2015 47 1 74 2828 36.2% 2.2% 4703 49.5% 1.3% 8251 65.0% 0.8%
2016 47 1 74 2835 36.3% 2.2% 4734 49.8% 1.3% 8296 65.4% 0.8%
2017 47 1 74 2841 36.4% 2.2% 4766 50.2% 1.3% 8341 65.7% 0.8%
2018 47 1 74 2847 36.5% 2.2% 4797 505% 1.3% 8337 66.1% Q7%

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass _ Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 116 4 184 2777 35.6% 11.5% 4960 52.2% 3.2% 8493 66.9% 3.9%
2008 114 4 181 2523 32.3% 10.7% 4882 51.4% 3.1% 8231 64.9% 3.4%
2009 112 4 179 2321 29.8% 6.4% 4808 50.6% 3.1% 8026 63.3% 1.9%
2010 111 3 176 2244 28.8% 6.6% 4738 49.9% 3.1% 7957 62.7% 1.9%
2011 109 3 174 2170 27.8% 6.6% 4673 49.2% 3.1% 7895 62.2% 1.9%
2012 108 3 171 210C 26.9% 6.6% 4612 48.5% 3.1% 7841 61.8% 1.9%
2013 106 3 169 2035 26.1% 6.7% 4556 47.% 3.1% 7796 61.4% 1.8%
2014 105 3 167 1974 25.3% 6.8% 4506 47.4% 3.1% 7761 61.2% 1.8%
2015 103 3 165 1917 24.6% 7.0% 4461 46.9% 3.1% 7734 61.0% 1.8%
2016 102 3 163 1864 23.9% 7.1% 4420 46.5% 3.1% 7715 60.8% 1.8%
2017 101 3 162 1814 23.2% 7.2% 4383 46.1% 3.0% 7701 60.7% 1.8%
2018 100 3 160 1766 22.6% 7.2% 4349 45.8% 3.1% 7691 60.6% 1.7%

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass _ Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 264 8 421 2777 35.6% 11.5% 4960 52.2% 6.6% 8493 66.9% 4.2%
2008 256 8 407 2523 32.3% 13.6% 4707 49.5% 7.5% 8209 64.7% 4.2%
2009 248 8 395 2251 28.9% 15.0% 4437 46.7% 7.8% 7946 62.6% 4.2%
2010 240 7 383 1990 255% 16.4% 4177 44.0% 8.0% 7704 60.7% 4.2%
2011 232 7 372 1747 22.4% 17.6% 3938 41.4% 8.1% 7482 59.0% 4.1%
2012 225 7 361 1523 19.5% 19.0% 3717 39.1% 8.2% 7281 57.4% 4.1%
2013 219 7 352 1318 16.9% 21.0% 3516 37.0% 8.3% 7101 56.0% 4.1%
2014 213 7 343 1132 14.5% 23.7% 3333 35.1% 8.5% 6941 54.7% 4.1%
2015 207 6 335 963 12.3% 27.3% 3167 33.3% 8.8% 6800 53.6% 4.1%
2016 202 6 328 812 10.4% 31.8% 3017 31.8% 9.0% 6676 52.6% 4.1%
2017 197 6 321 677 8.7% 37.2% 2881 30.3% 9.1% 6566 51.8% 4.0%
2018 192 6 316 558 7.1% 43.5% 2759 29.0% 9.1% 6469 51.0% 3.9%

Catch consistent with M Spawning Spawning Spawning
Year H&L  Set Net Trawl biomass _ Depletion Exploitation biomass Depletion Exploitation biomass _ Depletion Exploitation
2007 64 2 102 2777 35.6% 11.5% 4960 52.2% 6.6% 8493 66.9% 3.9%
2008 64 2 102 2523 32.3% 9.7% 4707 49.5% 5.3% 8231 64.9% 3.1%
2009 64 2 102 2346 30.1% 3.5% 4534 47.7% 1.9% 8052 63.5% 1.1%
2010 64 2 102 2333 29.9% 3.6% 4533 A47.7% 1.9% 8050 63.4% 1.1%
2011 64 2 102 2321 29.8% 3.6% 4534 A47.7% 1.9% 8052 63.5% 1.1%
2012 64 2 102 2310 29.6% 3.5% 4536 47.7% 1.9% 8058 63.5% 1.1%
2013 64 2 102 2300 29.5% 3.6% 4540 47.8% 1.9% 8068 63.6% 1.1%
2014 64 2 102 2291 29.4% 3.6% 4547 47.8% 1.9% 8084 63.7% 1.1%
2015 64 2 102 2283 29.3% 3.6% 4556 47.9% 1.9% 8106 63.9% 1.1%
2016 64 2 102 2276 29.2% 3.7% 4566 48.1% 1.9% 8131 64.1% 1.1%
2017 64 2 102 2270 29.1% 3.7% 4578 48.2% 1.9% 8158 64.3% 1.1%
2018 64 2 102 2263 29.0% 3.6% 4590 48.3% 1.8% 8185 64.5% 1.0%
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Figure 1. Landings of blackgill rockfish (Sebastes melanostomus) by Pacific Fishery
Management Council’s area designation from the West Coast of North America during 1978-
2004. Landings in the Columbia area are too small to be visible on graph.
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Figure 2. Landings of blackgill rockfish (Sebastes melanostomus) by major port group in
California during 1978-2004.

55



1200 -

- s
I Set net
1000 - I E Trawl
g 800 - I I
7))
2 600 -
2 |
S a00{ o i I |
il T
200 - I
L]
: =5 i
O_ [ ]

1977 1980 1983 1986 1989 1992 1995 1998 2001 2004

Year

Figure 3. Landings of blackgill rockfish (Sebastes melanostomus) by gear group from the West
Coast of North America during 1978-2004.
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Figure 4. Ex-vessel value (price per pound) by gear group of blackgill rockfish (BLGL market
category) from the West Coast of North America during 1981-2004. Ex-vessel prices represent
dollar value divided by landings from PacFIN. Trends are shown for both the nominal and
consumer price index (CPI) adjusted prices.
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Figure 5. Ex-vessel value (price per pound) by gear group of nominal blackgill rockfish (BGL1
market category) from the West Coast of North America during 1981-2004. Ex-vessel prices
represent dollar value divided by landings from PacFIN. Trends are shown for both the nominal
and consumer price index (CPI) adjusted prices.
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Figure 6. Estimated (1978-2004) and historic reconstructed (1950-1977) blackgill rockfish
catches. Discards in the trawl fishery have been added to the CALCOM estimated landings from
1978-2004. Historic catches represent one possible pathway of exploitation and was calculated
by taking 0% to 2.2% (ratio of BLGL and BGL.1 to total CA rockfish landings from PACFIN) of
total California rockfish landings from 1950 to 1977. Roger’s (2002) foreign catches have been
added 1966-1970. Stippled lines represent 0.5x and 2.0x of the historic catches for model
sensitivity.
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Figure 7. Distribution of blackgill rockfish CPUE (catch per hour fished) from trawl logbooks.
Graded circles represent <1 to 3> standard deviations from the mean CPUE.
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Figure 8. Two measures of trends in trawl logbook catch per unit effort (pounds per hour fished)
between 1988-2004 based on positive retained catch of blackgill rockfish. Top panel shows raw
CPUE from trips based on all vessels. Bottom panel shows year regression coefficients based
on a GLM model applied to trips associated with vessels that caught more than 5% of the total
blackgill catch from 1988-2004.
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Figure 11. Trend in average body size (top panels) as a function of depth and latitude, catch-
weighted cumulative frequency distributions of depth and latitude (middle panels), and the raw
and log-transformed catch distribution (bottom panels) of Blackgill rockfish caught in the AFSC
slope survey.
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and log-transformed catch distribution (bottom panels) of Blackgill rockfish caught in the
NWEFSC slope survey
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Figure 13. Diagnostic plots from the generalized linear mixed model fit to Blackgill rockfish

from the combined AFSC-NWFSC slope surveys. Diagnostic plots include: A) deviance
residuals plotted as a function of linear predictors, B) distribution of deviance residuals with
normal density superimposed, and C) Standardized deviance residual plotted as a function of

standard normal deviates, normal Q-Q plot.
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Figure 14. Diagnostic plots from the generalized linear model fit to Blackgill rockfish from the
AFSC triennial shelf survey. Diagnostic plots include: A) deviance residuals plotted as a
function of linear predictors, B) distribution of deviance residuals with normal density
superimposed, and C) Standardized deviance residual plotted as a function of standard normal
deviates, normal Q-Q plot.
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Figure 15. Biomass indices from AFSC triennial shelf, AFSC slope and NWFSC slope trawl
surveys derived from a Delta-GLM applied to proportion positive and positive catch rate data.
(Note: the 2004 shelf survey was conducted by NWFSC as a continuation of the AFSC survey)
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Figure 16. Size frequency distribution of male Blackgill rockfish (Sebastes melanostomus) taken
by trawl (1981-2004).
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Figure 16. Continued.
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Female Blackgill Rockfish Trawl
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Figure 17. Size frequency distribution of female Blackgill rockfish (Sebastes melanostomus)
taken by trawl (1981-2004).
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Male Blackgill Rockfish "Hook & Line"
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Figure 18. Size frequency distribution of male Blackgill rockfish (Sebastes melanostomus) taken
by commercial hook and line (1986-2004).
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Female Blackgill Rockfish Hook & Line

1.0 12
1981 10 | 1987
8,
0.5 1 6 -
: HH
2,
0.0 —— 0 ﬁﬂ A0 ‘Hﬂm
16 20 24 28 32 36 40 44 48 52 56 60 16 20 24 28 32 36 40 44 48 52 56
1.0 14
1982 12 | 1988
10 1
0.5 1 81 M

: |
o
00 S — o] | ﬂﬂﬂ Hﬂ

16 20 24 28 32 36 40 44 48 52 56 60 16 20 24 28 32 36 40 44 48 52 56

1.0 18
1983 16 1 1989 I
14 |
12 4
10 4
05 | 8 |
= e
4
3 2] H 1 H 1
© oo — 0 — ol =RHHA OO R -
o 16 20 24 28 32 36 40 44 48 52 56 60 16 20 24 28 32 36 40 44 48 52 56
o
1.0 12
1984 10 1 1990 Ml
8 -
0.5 1 6
: H H
24
0.0 " " " " " " " " " " 0 " " = ’_‘H " " " Hﬁ "
16 20 24 28 32 36 40 44 48 52 56 60 16 20 24 28 32 36 40 44 48 52 56
1.0 1.0
1985 1991
0.5 1 0.5
0.0 " " " " " " " " " " 0.0 " " " " " " " " " "
16 20 24 28 32 36 40 44 48 52 56 60 16 20 24 28 32 36 40 44 48 52 56
16 14
14 1 1986 12 { 1992
12 | 10 |
10 | g |
8 6 |
6 1
: Il 1 ]
2] 21 1
0 . !_\HH : : : H!T\ 0 ﬂ!_\ : : : B e IS

16 20 24 28 32 36 40 44 48 52 56 60 16 20 24 28 32 36 40 44 48 52 56

Fork Length (cm)

Figure 19. Size frequency distribution of female Blackgill rockfish (Sebastes melanostomus)
taken by trawl (1981-2004).
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Male Blackgill Rockfish Set Net
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Figure 20. Size frequency distribution of male Blackgill rockfish (Sebastes melanostomus) taken

by set net (1986-2004).

Fork Length (cm)

77



Female Blackgill Rockfish Set Net
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Figure 21. Size frequency distribution of female Blackgill rockfish (Sebastes melanostomus)
taken by set net (1986-2004).
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Figure 22 Size frequency distribution of male and female Blackgill rockfish (Sebastes

melanostomus) sampled between 1995-2004 from the Alaska Fisheries Science Center’s (AFSC)

triennial shelf trawl survey. (Note: the 2004 shelf survey was conducted by NWFSC as a

continuation of the AFSC survey).
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Figure 23 Size frequency distribution of male and female Blackgill rockfish (Sebastes
melanostomus) sampled during the 1999 and 2000 Alaska Fisheries Science Center’s (AFSC)

slope trawl survey.
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Figure 24 Size frequency distribution of male and female Blackgill rockfish (Sebastes
melanostomus) sampled during the 2003 and 2004 Northwest Fisheries Science Center’s
(NWFSC) slope trawl survey.
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Figure 25. Observed lengths at age and fitted von Bertalanffy growth curves for male and
female blackgill rockfish. Data provided by Melissa Stevens (Stevens et al. 2004).
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Figure 26. Estimates of von Bertalanffy growth parameters, asymptotic size (Loo) and growth
coefficient (K), from a Bayesian hierarchical meta-analysis of 46 species of the Sebastes genus
from California to Alaska (see Helser et al. 2004).
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Figure 27. Estimates of the proportion of female blackgill rockfish at length that are mature (1%,
50%, 99% mature at size) from two different studies (Wyllie-Echeverria 1987, Love et al. 1990).
Solid line shows the fitted relationship used in the stock assessment.
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Figure 28. Growth of blackgill rockfish (sexes combined) in weight as a function of length (In-In
transform) from data taken during the 2004 NWFSC shelf and slope surveys. Parameters from a
linear regression to these data are given in Table 15.
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Figure 31. Predicted vs. observed fits to blackgill rockfish male length compositions in the hook
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Figure 31 (Continued). Predicted vs. observed fits to blackgill rockfish female length
compositions in the hook and line fishery.
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Figure 32. Diagrams showing Pearson residual plots (top: males, middle: females) and effective
vs. observed sample sizes of fits to the hook and line length frequency compositions.
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Figure 35. Predicted vs. observed fits to male blackgill rockfish length compositions in the trawl

fishery.
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Figure 35 (continued). Predicted vs. observed fits to male blackgill rockfish length compositions
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Figure 35 (continued). Predicted vs. observed fits to female blackgill rockfish length
compositions in the trawl fishery.
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Figure 35 (continued). Predicted vs. observed fits to female blackgill rockfish length
compositions in the trawl fishery.
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Figure 36. Diagrams showing Pearson residual plots (top: males, middle: females) and effective
vs. observed sample sizes of fits to the trawl length frequency compositions.
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Figure 37. Predicted vs. observed fits to male blackgill rockfish length frequency compositions
from the AFSC shelf, AFSC slope and NWFSC slope surveys.
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Figure 37 (continued). Predicted vs. observed fits to female blackgill rockfish length frequency
compositions from the AFSC shelf, AFSC slope and NWFSC slope surveys..
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Figure 38 (continued). Diagrams showing Pearson residual plots (top: males, middle: females)
and effective vs. observed sample sizes of fits to the hook and line length frequency
compositions.
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Figure 39. Predicted an observed biomass index for the AFSC shelf, AFSC slope and NWFSC
slope trawl surveys. Point estimate along with 90% (bars) intervals are shown for the observed
indices. . (Note: the 2004 shelf survey was conducted by NWFSC as a continuation of the AFSC
survey).
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Figure 40. Predicted selectivity curves for the hook and line fishery and set net fishery
(mirrored), trawl fishery (two blocks of time), and trawl surveys (all mirrored). Bottom panel
shows the composite fishery selectivity (average selectivity curves weighted to fishery landings)

relative to maturity at size.
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Figure 41. Historic reconstruction of age-0 recruitment and spawning stock biomass of blackgill
rockfish estimated from the base case model. Approximate asymptotic 95% confidence intervals
of spawning biomass are given.
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Figure 42. Historic depletion (spawning stock biomass as a percentage of unfished biomass) of
blackgill rockfish relative to the B40% management target and minimum stock size threshold of

25% unfished.
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Figure 43. Uncertainty in 2005 spawning biomass and depletion level for Blackgill rockfish.
Approximately probability and cumulative probability are based on asymptotic standard
deviations.
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2.5 3.0

Figure 44. Annual status showing the calculated spawning potential ratio (SPR) and spawning
biomass level (B) relative to their corresponding targets; F50% and B40%, respectively. Given
life history parameters and long term exploitation patterns, the fishing mortality that reduces the
spawning biomass to 50% of the unfished level is referred to as F50%, which is the default
Pacific Fishery Management Council proxy for Fusy. Similarly, the proxy for Busy is spawning
biomass corresponding to 40% of an unfished stock.
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APPENDIX
# 7.18.05 Draft SST Dat for Blackgill - Tom Helser
# MODEL DIMENSIONS

1950 # start_year
2004 # end_year

1 # N_seasons_per_year

12 #  vector_with_N_months_in_each_season

1 # spawning_season_-_spawning_will_occur_at_beginning_of this_season
3 # N_fishing_fleets

3 # N_surveys;_data type numbers below_must_be sequential_with_the N_fisheries
hk%setnet%T rawl %T riennia %A FSCslope%NWFSCslope

05 05 05 05 05 05

2 # Number of genders
80 # Number of ages

# catch (mt) #Year

0 0 0 # initia_equilibrium
73 89 0 # 1950 # 4.4% of CA rockfish landings
99 121 0 # 1951

96 118 0 # 1952

110 134 0 # 1953

114 139 0 # 1954

114 139 0 # 1955

128 157 0 # 1956

143 175 0 # 1957

160 196 0 # 1958

137 168 0 # 1959

123 151 0 # 1960

97 119 0 # 1961

88 108 0 # 1962

106 129 0 # 1963

73 89 0 # 1964

85 103 0 # 1965

91 111 70 # 1966 # add in Rogers Foreign catches
88 108 199 # 1967

70 86 56 # 1968

68 83 4 # 1969

81 99 1 # 1970 # Linear ramp up to CalCOM
104 127 0 # 1971

126 154 0 # 1972

149 182 0 # 1973

171 209 0 # 1974

194 237 0 # 1975

216 264 0 # 1976

239 292 0 # 1977

273 184 114 # 1978 # CalCOM with trawl discards
473 388 23 # 1979

538 198 86 # 1980

442 533 86 # 1981

620 622 99 # 1982

310 404 321 # 1983

217 334 72 # 1984

198 425 135 # 1985

340 354 283 # 1986

356 390 139 # 1987

319 491 232 # 1988

247 197 103 # 1989

339 117 238 # 1990

294 54 136 # 1991

493 136 160 # 1992

245 38 124 # 1993

245 10 127 # 1994

175 43 139 # 1995

200 9 167 # 1996

133 5 139 # 1997
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111 2 123 # 1998
19 0 30 # 1999
32 0 57 # 2000
38 0 96 # 2001
75 1 67 # 2002
123 8 58 # 2003
64 2 102 # 2004

14 #  # Abundance Indices # N_observations
# #Year Seas Type Vaue CV

# #

#1977 1 4 196 0.26# Triennial MON-CON 300-566 m

#1980 1 4 763 2.13 # only to 34.5 degress

#1983 1 4 1177 2.53 # 1977-1992 excluded < 366 m

#1986 1 4 15 254

#1989 1 4 15 254

#1992 1 4 37 212

#1995 1 4 187 0.26

#1998 1 4 240 0.34

#2001 1 4 317 0.24

#2004 1 4 368 0.32

1995 1 4 587 0.35 # Triennial expanded to 32.5 degress

1998 1 4 714 0.31

2000 1 4 955 0.25

2004 1 4 1084 0.32

#1992 1 5 1069 0.98 # AFSC slope MON-CON 300-566 m
1997 1 5 1019 0.59 # EXPANDED TO FULL CONCEPTION AREA 32.5
1999 1 5 2856 0.55 # NOMIAL DIFFERENCESIN CATCH RATES
2000 1 5 5301 0.95

2001 1 5 2347 0.57

1999 1 6 448 1.79 # NWFSC slope Mon-Con 300-566 m

2000 1 6 1305 0.68 # EXPANDED TO FULL CONCEPTION AREA 32.5
2001 1 6 1444 0.55 # NOMIAL DIFFERENCES IN CATCH RATES
2002 1 6 3146 0.51

2003 1 6 1105 0.57

2004 1 6 3867 0.63

2 # # Discard_Biomass  # (1=biomass;_2=fraction)

0 # # N_observations

# #Year Seas Type Vaue CV

#1986 1 1 0.28 0.15

#1991 1 1 0.03 1

#1995 1 1 0.132 0.4

#1996 1 1 0.155 0.15

#1997 1 1 0.201 0.16

#1998 1 1 0.136 0.17

#1999 1 1 0.252 0.3

#  #WCGOP

#2002 1 1 0.1941 0.15

#2003 1 1 0.2116 0.15

# "# Mean BodyWt: 1 = discard, 2 = retained, 0 = combined"
0 # # number of observations - need to revisit

# #Year Seas Type Mkt Vaue CV

#2002 1 1 1 0.408 0.2

#2002 1 1 2 1.3258 0.2
#2003 1 1 1 0.4165 0.2
#2003 1 1 2 1.2018 0.2

-1 #  #min_proportion_for_compressing_tails_of_observed _composition frequencies
0.0001 #  # constant added to  expected

25 # # N_length_bins

# # lower_edge_of_length_bins

12 14 16 18 20 22 24 26 28 30 32
36 38 40 42 44 46 48 50 52 54
58 60

46  #N_observations
#  #Year Seas Fleet sexes Mkt Nsamp data

# "# Fishery length comps"
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1986

1987

1988

1989

1990

1992

1995

1997

2001

2002

1986

1987

1988

1989

1 1 3 2 58 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000514 0.008742 0.016969 0.032396 0.058004 0.061089 0.099758
0.134211 0.107600 0.035301 0.008227 0.001440 0.001234 0.000411 0.000000 0.000000 0.000000 0.000000
0.000514 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000514 0.003600 0.017483 0.032910
0.073430 0.111688 0.120173 0.057850 0.012650 0.002777 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 53 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.001692 0.004513 0.018052 0.045694 0.059008 0.077285 0.103179
0.094040 0.076129 0.030519 0.010324 0.002821 0.000564 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002821 0.009026 0.021437 0.061490
0.088906 0.107523 0.118918 0.053084 0.010154 0.002821 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 25 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.001144 0.006863 0.019445 0.036603 0.066914 0.114384 0.129254
0.074921 0.054904 0.018301 0.001144 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001144 0.003432 0.016014 0.040034 0.106091
0.122963 0.087504 0.057764 0.027452 0.010295 0.002288 0.000000 0.000000 0.001144 0.000000 0.000000
1 1 3 2 10 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.010743 0.064458 0.007162 0.014324 0.035810 0.071620 0.061056 0.132856
0.161146 0.082363 0.035810 0.010743 0.003581 0.000358 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003581 0.021486 0.007162 0.028648 0.050134
0.057296 0.046553 0.042972 0.035810 0.014324 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 13 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.002759 0.001241 0.005517 0.019310 0.055172 0.088276 0.085517 0.100552
0.107724 0.082345 0.044828 0.025655 0.002483 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005517 0.027586 0.072966
0.099034 0.104552 0.024828 0.033103 0.008276 0.002759 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 7 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.016721 0.008182 0.074110 0.064753 0.077792 0.125226 0.083519
0.036168 0.041266 0.006409 0.005455 0.002727 0.001909 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.024902 0.004500 0.101467
0.145544 0.070993 0.053266 0.035727 0.013364 0.004500 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.030769 0.123077 0.030769 0.138462 0.061538 0.076923
0.153846 0.107692 0.092308 0.015385 0.030769 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.015385 0.015385 0.015385 0.030769
0.015385 0.000000 0.030769 0.015385 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 3 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.011357 0.068143 0.136286 0.079500 0.113572 0.170358 0.136286
0.056786 0.000000 0.000000 0.000000 0.000568 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.034072 0.068143 0.045429 0.022714
0.011357 0.045429 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000950 0.018993 0.030389 0.030389 0.030389
0.037987 0.000000 0.037987 0.030389 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.018993 0.075973 0.083571
0.068376 0.208927 0.140551 0.148148 0.037987 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 3 2 4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.003745 0.000000 0.003745 0.003745 0.021402 0.078652 0.064205 0.032103 0.010701 0.042804
0.000000 0.032103 0.021402 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.010701 0.000000 0.000000 0.000000 0.078652 0.125201 0.085607
0.128411 0.128411 0.085607 0.042804 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 2 3 2 53 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000821 0.006421 0.018779 0.034310 0.058428 0.093448 0.121972
0.135299 0.054882 0.006421 0.003883 0.000075 0.000000 0.000747 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000747 0.001717 0.004741 0.021467 0.068695
0.112899 0.120739 0.099085 0.029158 0.003547 0.000747 0.000000 0.000224 0.000000 0.000000 0.000747
1 2 3 2 33 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.001168 0.000000 0.000000 0.002846 0.007298 0.017952 0.039407 0.059695 0.101219 0.100343
0.091513 0.085529 0.022550 0.007809 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005838 0.010655 0.027804 0.068160
0.097643 0.108516 0.072101 0.055462 0.014376 0.002116 0.000000 0.000000 0.000000 0.000000 0.000000
1 2 3 2 13 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.004865 0.019404 0.051126 0.079696 0.097986 0.091482
0.086321 0.049759 0.029127 0.003641 0.002488 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002438 0.006068 0.050080 0.093756
0.128798 0.103326 0.053521 0.019418 0.016991 0.006068 0.002427 0.000000 0.000000 0.001214 0.000000
1 2 3 2 25 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.006212 0.012566 0.063965 0.111814 0.206554 0.115861
0.088564 0.031876 0.012424 0.000000 0.000000 0.000000 0.000000 0.000178 0.000000 0.000000 0.000000
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1990

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.012424 0.024848 0.072058 0.101875
0.068792 0.062119 0.006522 0.001065 0.000000 0.000284 0.000000 0.000000 0.000000 0.000000 0.000000
1 2 3 2 2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000220 0.026878 0.007070 0.032456 0.104121 0.089124
0.088398 0.062442 0.035188 0.005683 0.008872 0.000049 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001044 0.000000 0.005488 0.050674
0.176340 0.196107 0.089556 0.010438 0.005219 0.000000 0.000000 0.000196 0.004436 0.000000 0.000000
1 3 3 2 14 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.006123 0.020206 0.039187 0.073476 0.108989 0.110214 0.130420
0.061230 0.034901 0.008572 0.012246 0.007960 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.020206 0.087559 0.090620
0.115783 0.034901 0.037350 0.000000 0.000000 0.000058 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 44 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000296 0.000000 0.011852 0.017481 0.024468 0.050961 0.055263 0.074072 0.075706
0.025096 0.017812 0.015214 0.010281 0.000069 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005926 0.010666 0.020148 0.065583 0.158218
0.183017 0.130070 0.037367 0.004301 0.003852 0.000000 0.001778 0.000296 0.000207 0.000000 0.000000
1 3 3 2 41 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000966 0.000000 0.000000 0.005248 0.025948 0.024718 0.055538 0.051877 0.044358 0.054864
0.060521 0.030367 0.036243 0.047522 0.005976 0.002379 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.012537 0.017201 0.038183 0.080311
0.134710 0.138127 0.077715 0.045910 0.007719 0.001014 0.000048 0.000000 0.000000 0.000000 0.000000
1 3 3 2 89 0.000000 0.000000 0.000000 0.000000 0.000000 0.000093
0.000000 0.000000 0.000683 0.003241 0.019205 0.028541 0.031167 0.034904 0.063372 0.065532 0.088112
0.074176 0.042153 0.026975 0.013829 0.001604 0.002033 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003889 0.004109 0.014789 0.045982 0.105139
0.144192 0.106066 0.051808 0.013890 0.006254 0.002969 0.002330 0.000000 0.000000 0.000000 0.000000
1 3 3 2 78 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.001959 0.011498 0.019333 0.019142 0.012726 0.040543 0.053831 0.052603 0.071638 0.095996
0.075541 0.046560 0.034136 0.009361 0.009931 0.003919 0.000000 0.001448 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000784 0.004856 0.016766 0.036322 0.083104
0.133161 0.085190 0.041908 0.029721 0.004737 0.002811 0.000085 0.000392 0.000000 0.000000 0.000000
1 3 3 2 44 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.002874 0.001916 0.005269 0.001198 0.009820 0.017546 0.009858 0.020150 0.061111 0.079947 0.083526
0.107024 0.061832 0.024728 0.031103 0.014300 0.009288 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.004236 0.003220 0.011263 0.030713 0.027822 0.085454
0.086050 0.096906 0.057304 0.028154 0.018288 0.004706 0.004393 0.000000 0.000000 0.000000 0.000000
1 3 3 2 46 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000186 0.006145 0.010087 0.022969 0.076881 0.064049 0.061718 0.099646 0.075469
0.025026 0.009962 0.010742 0.001571 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000275 0.000000 0.004433 0.024154 0.089851 0.106313
0.152976 0.101325 0.035697 0.013075 0.003724 0.000000 0.000000 0.000000 0.000000 0.003724 0.000000
1 3 3 2 40 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.006180 0.011599 0.021809 0.035081 0.039074 0.100548 0.042136 0.103305 0.025004
0.040158 0.016714 0.027742 0.023730 0.023730 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.020783 0.015116 0.001407 0.032933 0.025232 0.033028
0.113591 0.090660 0.073832 0.043048 0.025555 0.008005 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 36 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000194 0.010828 0.000388 0.045502 0.061693 0.097460 0.095508 0.071051 0.038981
0.017685 0.012697 0.026669 0.015301 0.010549 0.004051 0.004051 0.004557 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.007511 0.020508 0.020478 0.082081 0.113560
0.059214 0.093665 0.064101 0.012963 0.006220 0.002532 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 70 0.000000 0.000000 0.000000 0.000000 0.000000 0.001473
0.000000 0.001622 0.000177 0.019016 0.044840 0.067261 0.078979 0.108232 0.074788 0.074285 0.044829
0.027175 0.010610 0.003392 0.004333 0.001915 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.002800 0.005541 0.036846 0.056258 0.065629 0.111021
0.088676 0.038080 0.018337 0.008669 0.002210 0.001473 0.000059 0.001473 0.000000 0.000000 0.000000
1 3 3 2 24 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.002974 0.036861 0.031087 0.040956 0.064482 0.078342 0.066464 0.054746
0.023407 0.008323 0.011508 0.003407 0.002592 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.002176 0.010277 0.034968 0.080177 0.110457 0.164539
0.117217 0.032431 0.017916 0.003657 0.000222 0.000815 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 28 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.001801 0.018913 0.030348 0.063360 0.083139 0.080946 0.065938 0.055512 0.028642
0.019633 0.008284 0.004706 0.003602 0.008307 0.000000 0.001801 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.001946 0.000450 0.011212 0.066155 0.081797 0.099793 0.104627
0.081866 0.053854 0.013463 0.005403 0.002701 0.001801 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 17 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.006052 0.016754 0.040938 0.067278 0.075430 0.061744 0.056407 0.070243 0.021940
0.039729 0.043880 0.014975 0.022185 0.000245 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
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1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

#

1995

1998

2001

0.000000 0.000000 0.000000 0.000000 0.000296 0.005930 0.005930 0.091393 0.046402 0.086131 0.089614
0.079778 0.032340 0.018457 0.005930 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 26 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000685 0.004009 0.005867 0.016915 0.053932 0.050511 0.067100 0.058172 0.051238 0.055052 0.059546
0.060091 0.012899 0.005867 0.005180 0.006158 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000685 0.008508 0.014666 0.052245 0.084322 0.093667 0.072142
0.073153 0.043593 0.038615 0.005180 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 43 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.007826 0.009626 0.046738 0.055456 0.066009 0.055991 0.049633 0.052359 0.048749
0.059144 0.030187 0.019554 0.009992 0.004696 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.002035 0.012734 0.032916 0.093378 0.094449 0.078335
0.093594 0.044665 0.024966 0.006731 0.000000 0.000000 0.000235 0.000000 0.000000 0.000000 0.000000
1 3 3 2 35 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.004385 0.005846 0.049863 0.093221 0.070725 0.087630 0.075832 0.064606 0.040323
0.026659 0.005440 0.004159 0.002908 0.000000 0.000000 0.002064 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.007488 0.020016 0.065560 0.082222 0.112742 0.086683
0.053062 0.022628 0.009309 0.004471 0.001876 0.000281 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 31 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.011019 0.022929 0.056567 0.086037 0.071528 0.058040 0.053668 0.075229
0.043271 0.012471 0.012993 0.004692 0.006595 0.002947 0.000000 0.001574 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.001574 0.000000 0.011089 0.042503 0.087892 0.080678 0.092440
0.090423 0.045805 0.020294 0.007529 0.000140 0.000070 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 20 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.002591 0.013601 0.020406 0.065765 0.053718 0.087518 0.045149 0.038051 0.046124
0.041996 0.012717 0.027248 0.005440 0.009349 0.002591 0.002591 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000130 0.002591 0.007772 0.031266 0.070461 0.109799 0.087792
0.087573 0.060487 0.035737 0.028849 0.002689 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 21 0.000000 0.000000 0.000000 0.000000 0.000000 0.000290
0.000000 0.002902 0.000000 0.007033 0.050199 0.053490 0.079396 0.080847 0.035546 0.020892 0.017440
0.018136 0.011607 0.020312 0.011607 0.005223 0.002466 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.002902 0.000580 0.002902 0.017555 0.040368 0.068335 0.089262 0.113376
0.092263 0.081171 0.043625 0.012687 0.005983 0.008705 0.002902 0.000000 0.000000 0.000000 0.000000
1 3 3 2 23 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000812 0.005955 0.006226 0.028963 0.097446 0.086889 0.050618 0.046319 0.045204 0.031160
0.035189 0.042768 0.020843 0.000000 0.000000 0.000000 0.005414 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.003248 0.016241 0.035189 0.065235 0.110741 0.105296 0.050347
0.018677 0.056031 0.016241 0.018948 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 3 3 2 39 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.008894 0.017358 0.032420 0.051786 0.073160 0.116052 0.075169 0.064266 0.041314 0.024817
0.014919 0.011620 0.020083 0.006742 0.002295 0.001148 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.001291 0.000000 0.004877 0.028116 0.035719 0.076173 0.077033 0.086932
0.038588 0.039449 0.025104 0.016784 0.001004 0.001148 0.000000 0.002439 0.000000 0.003299 0.000000
1 3 3 2 23 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000194 0.014571 0.033611 0.064156 0.053234 0.062423 0.043939 0.048960 0.042743
0.033223 0.036331 0.026617 0.003886 0.002720 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002526 0.024522 0.049737 0.102114 0.116103
0.098891 0.064309 0.056926 0.011074 0.000000 0.003886 0.000000 0.000000 0.000000 0.003303 0.000000
1 3 3 2 14 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.024298 0.026728 0.045559 0.015794 0.096178 0.031452 0.022948 0.098408 0.018695
0.048596 0.050419 0.060745 0.015186 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.024298 0.021868 0.023083 0.057573 0.061353 0.051498
0.099015 0.072287 0.034017 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

# Triennial length comps 55-366 meters

1 4 3 0 23 0.000000 0.000000 0.009354 0.000000 0.000000 0.000000
0.012431 0.012298 0.017041 0.018189 0.020540 0.020163 0.020354 0.051912 0.049686 0.063634 0.055782
0.043033 0.026344 0.014498 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.001980 0.001980 0.001831 0.000000 0.007857 0.012312 0.012802 0.036551 0.069535 0.134903
0.129317 0.076910 0.031503 0.022969 0.022461 0.001831 0.000000 0.000000 0.000000 0.000000 0.000000
1 4 3 0 29 0.000000 0.005197 0.000615 0.000000 0.001837 0.001472
0.002166 0.004465 0.005728 0.010566 0.011516 0.038320 0.021646 0.046885 0.022591 0.087676 0.053200
0.030796 0.024518 0.013986 0.007911 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000615 0.003689 0.003235 0.003235 0.001230 0.001845 0.001251 0.041322 0.031380 0.066305 0.161816
0.145305 0.064457 0.065787 0.016249 0.001191 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 4 3 0 42 0.000000 0.000000 0.000000 0.000000 0.007979 0.005591
0.023381 0.020083 0.005344 0.033071 0.023545 0.024046 0.059499 0.030282 0.023017 0.063323 0.051831
0.022660 0.003948 0.012250 0.000000 0.009263 0.000000 0.001882 0.000000 0.000000 0.000000 0.000000
0.000000 0.000981 0.011314 0.023986 0.012063 0.013167 0.019103 0.011617 0.057703 0.099626 0.091868
0.127349 0.054792 0.027811 0.014362 0.004459 0.005416 0.000000 0.000000 0.003390 0.000000 0.000000

112



2004 1 4 3 0 28 0.000000 0.000000 0.002202 0.033524 0.016644 0.001994
0.012088 0.004219 0.023836 0.018153 0.002884 0.032244 0.008872 0.028948 0.055485 0.017668 0.011176
0.015506 0.055438 0.028244 0.016802 0.003795 0.003889 0.000000 0.000000 0.000000 0.000000 0.000000
0.028944 0.006300 0.009316 0.014371 0.012448 0.028256 0.014708 0.003922 0.014124 0.028935 0.093591
0.123620 0.058355 0.057188 0.063718 0.028306 0.011914 0.008374 0.000000 0.000000 0.000000 0.000000

#  "# AFSC slope survey data’

1999 1 5 3 0 21 0.000000 0.000000 0.000000 0.008204 0.018519 0.024165
0.014597 0.002101 0.016283 0.045135 0.053721 0.057366 0.064350 0.057262 0.051235 0.028153 0.024179
0.025299 0.012342 0.004588 0.002094 0.004578 0.002723 0.008004 0.000000 0.000000 0.000000 0.000000
0.000000 0.011859 0.018165 0.009045 0.000000 0.008439 0.016165 0.038710 0.105385 0.114901 0.063802
0.046880 0.010542 0.023099 0.006009 0.002101 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

2001 1 5 3 0 23 0.000000 0.000000 0.008491 0.008491 0.003397 0.017120
0.018636 0.011626 0.020828 0.027015 0.033347 0.050373 0.049466 0.066692 0.064205 0.018438 0.016993
0.016339 0.011113 0.001175 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001698 0.019170
0.010091 0.003298 0.010819 0.029326 0.030961 0.017453 0.016770 0.043595 0.069976 0.136542 0.071020
0.050669 0.029905 0.010645 0.002893 0.001422 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

# " NWFSC survey length comps"

2003 1 6 3 0 13 0.000000 0.000000 0.000000 0.000000 0.000000 0.048155
0.041185 0.082092 0.000000 0.031731 0.000000 0.054938 0.050378 0.008697 0.028554 0.009907 0.008639
0.018353 0.009907 0.019814 0.009176 0.000000 0.009176 0.000000 0.000000 0.000000 0.000000 0.000000
0.009176 0.000000 0.009176 0.078663 0.164504 0.041185 0.000000 0.040370 0.018604 0.035546 0.060880
0.036521 0.027050 0.037714 0.000000 0.009907 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

2004 1 6 3 0 13 0.000000 0.002238 0.020136 0.047371 0.091683 0.031347
0.003843 0.035473 0.027994 0.026294 0.021726 0.014773 0.019693 0.024091 0.017216 0.016330 0.014113
0.014113 0.007226 0.009193 0.007191 0.001957 0.000000 0.000000 0.000000 0.002238 0.000000 0.020136
0.054531 0.098634 0.021478 0.034299 0.022847 0.039643 0.029983 0.025996 0.034586 0.050769 0.055274
0.019610 0.011714 0.019196 0.001957 0.000000 0.000000 0.003106 0.000000 0.000000 0.000000 0.000000

# # N_age bins

# number_of ageerr_types

# N_age_observations

# N_size@age_observations;_values_on_rowl; N_on_row?2
# environmental_data N_variables

# environmental_data N_observations

99 # #end of file

[(cNeoloNoNoNoNe]
HHHHH
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# sst.ctl 6.2.2005 BLACKGILL ROCKFISH
2 # _N_growthmorphs

# assign_sex_to each_morph_(1=female;_2=male)
1  #Females
2  #Mades

1 # N_Areas_(populations)

# each_fleet/survey_operates in_just_one_area

# but_different_fleets/surveys can be assigned_to_share_same_selex(FUTURE_coding)
# Fishery 1 - hook and line

# Fishery 2 - set net

# Fishery 3 - trawl

# Triennial survey

# AFSC slope survey

# NWFSC slope survey

RPRRRRRE

0 # do_migration_(0/1)

1 # N_Block_Designs
1 # N_Blocks per_Design(Block_1_always starts in_styr)
1990 2004 #block design 1

# Natural_mortality_and_growth_parameters_for_each_morph

20 #Last agefor M young
40  #First agefor M old
2 # Age for growth Lmin
70  # Agefor growth Lmax
-4 # Mortdity and growth parameter deviance phase
# LO HI INIT PRIOR PR_typeSD PHASE env-variable use dev dev_minyr dev_maxyr  dev_dddev
0.03 0.08 0.05 0.05 O 015 -3 O 0 0 0 05 0 0 #F_natM_young
-3 3 0 0 0 02 -3 0 0 O O 05 0 O #FnaM_dd as exponetid_offset(rd_young)
8 16 12 9 0 2 -2 0 0 0 O 05 O 0 #F_Lmin
32 72 53 53 0 5 -2 0 0 o 0 05 0 0 #F_Lmax
0.01 0.1 004 008 O 08 -2 0 O O O 05 0 0 #FVBK
0.02 0.16 008 01 O 08 -3 0 0 O O 05 0O 0 #F_CV-young
-3 3 0 0 0 08 -3 O 0 0 0 05 0 0 #F_CV-
old_as_exponential_offset(rel_young)
-3 3 0 0 0 08 -3 0 0 0o o 05 0 0 #
M_natM_young_as_exponential_offset(rel_morph_1)
-3 3 0 0 0 08 -3 0 0 0 0 05 0 0 #
M_natM_old_as_exponential_offset(rel_young)
-3 3 0 0 0 08 -3 0 0 0 0 05 0 0 #M_Lmin_as exponential_offset
-3 3 -02015-1 O 08 -2 0 0 0 0 05 0 0 #M_Lmax_as_exponential_offset
-3 3 0.5306 0 0O 08 -3 0 0 O 0 05 0 0 #M_VBK_as exponential_offset
-3 3 0. O 0 08 -3 0 0 O O 05 0 0 #M_CV-youg as eqonetid_offst(rd_CV-
young_for_morph_1)
-3 3 0 0. O 08 -3 0 0O O O 05 0 O #M_CV-dd as exponetid_offs(rd_Cv-
young)

# Add 2+2*gender lines to read the wt -Len and mat-L en parameters

-3 3 1.01E-051.01E-050 08 -3 O 0 0 0 05 0 0 #Femaewt-len-1
-3 3 3.120 3.120 O 08 -3 0 0O O O 05 0 0 #Femaewt-len-2

-3 3 340 22 O 08 -3 0 0o o 0O 05 0O 0  #Female mat-len-1

-3 3 -087 -04 0 08 -3 0 0 O 0 05 0 0 #Femalemat-len-2

-3 3 1. 1. O 08 -3 O 0 0 0 05 O 0 #Femal e eggs/gm intercept
-3 3 00 0 O 08 -3 0 0 0 0 05 O 0 #Female eggs/gm slope
-3 3 101E-051.01E-060 08 -3 0O O O O 05 0 O #Madewt-len-1
-3 3 3.120 3.120 O 08 -3 0 0O O O 05 0 0 #Maewt-len-2

# pop* gmorph lines For the proportion of each morph in each area
0 1 05 02 O 98 -3 O 0 0 0 05 O 0 #fractomorph 1in areal

0 1 05 02 O 98 -3 0 0 0 0 05 0 0

# pop lines For the proportion assigned to each area
0 1 1 1 0 08 -3 0 0 0 0 05 0 0 #fractoareal
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# custom-env_read
0 #_  O=read_one_setup_and_apply_to_all_env_fxns; #1=read_a setup_line_for_each MGparm_with_Env-var>0

#_custom-block_read
0 #  0O=read_one_setup_and apply_to_all_MG-blocks, #l=read a setup_line for_each block x MGparm_with_block>0

# LO HI INIT PRIOR Pr_typeSD PHASE

#_Spawner-Recruitment_parameters

1 # SR_fxn: 1=Beverton-Holt

#.O HI  INIT PRIOR Pr_typeSD PHASE

3 31 101 150 O 50 1 #Ln(RO)

02 1 065 05 O 99 -2 #steepness

0 2 05 05 O 0.8 -4  #SD_recruitments

-5 5 0 0 0 1 -3 #Env_link

-5 5 0 0 0 1 -4 #init_eq

0 #env-var_for_link

# recruitment_residuals

# start_rec_year end_rec_year Lower_limit Upper_limit phase
1970 2004 -15 15 4

#init_F_setupforeachfleet
#.O HI INIT PRIOR PR_typeSD PHASE

0 1 0.00 001 O 99 -1 #Hook and Line fishery

0 1 0.00 0.01 O 99 -1 # Setnet fishery

0 1 0.00 001 O 99 -1 #Trawl fishery

# Qsetup

# add_parm_row_for_each_positive_entry_below(row_then_column)
#-Float(0/1) #Do-power(0/1) #Do-env(0/1) #Do-dev(0/1) #env-Var #Num/Bio(0/1) for each fleet and survey
0 0 0 0 0 1

0 0 0 0 0 1

0 0 0 0 0 1

1 0 0 0 0 1

1 0 0 0 0 1

1 0 0 0 0 1

#.0 HI INIT PRIOR PR_typeSD PHASE env-variable

-5 3 -10 -5 O 2 1  #Qfor triennia survey
-4 2 -10 -5 0 2 1 #Qfor AFSC slope survey
-4 2 -10 -5 0 2 1 #Qfor NWFSC slope survey

# SELEX_&_RETENTION_PARAMETERS

#Pattern Retention(0/1) Male(0/1) mirror(fishery/survey to equal)
# Size_selex

0 0 # Hook and Line

0 1  # Setnet

7 0 0 0 # Trawl

7 0 0 0 # Triennia

5 0 0 4 # AFSC Slope survey

5 0 0 4 # NWFSC Slope survey

[N
o o

# Age selex

100 O 0 0 # Trawl

10 0 0 0 # Hook and Line
10 O 0 0 # Trawl

10 O 0 0 # Triennia

10 O 0 0 #_AFSC Slope survey

10 O 0 0 # NWFSC Slope survey

#LO HI INIT PRIOR PR_typeSD PHASE env-variable use dev dev_minyr dev_maxyr dev_stddev
Block_Pattern

#Size-Sdlectivity for Hook and Line fishery (double logistic)

20 80 45 40 O 99 2 0 0 0 0 05 O 0  #peak

0.0000 0.1 00 O 0 99 2 0 0O ©O 0 05 0 0 #init
-10. 50. 19 10 O 99 4 0 0 0 0 05 0 0  #infl
00 10 03 03 O 99 -4 0 0 0o o 05 0 0 #slopel
-10 100 -70 9 O 99 3 0 0 O O 05 0 0 #find
-10. 5 00 01 O 99 -4 0 0 0 0 0  #infl2
0.0000110 03 3 O 99 -3 0 0 O O 05 0O 0  #slope2



0. 25 4 4 0 99 -2 0 0 0 0 05 0 0  #width of top

#Size-Sdlectivity for set net fishery (double logistic)

#0 80 45 40 O 99 3 0 0 0 0 05 0 0  #peak
#0.0000 0.1 0.0 O 0 99 -2 0 0 0 0 05 O 0  #init
#10. 50. 22 10 O 99 2 0 0 0 0 05 0 0 #infl
#0.001 10 04 03 O 99 -4 0 0 O O 05 0 O#slopel
#10 100 -50 9 0 99 -3 0 0 0 0 05 0 0 #final
#15 5 00 01 O 99 -3 0 0 0 0 05 O 0 #infl2

#0.0000110 03 .3 O 99 -2 0 0 0 0 05 0 0 #slope2
#0. 25 4 4 0 99 2 0 0 0 0 05 0 0 #width of top

0 25 1 40 O 99 -3 0 0 0 0 05 0 0 #peak
20 40 25 0 0 99 -2 0 0 0 0 05 0 0 #init

#Size-Selectivity for trawl fishery (double logistic)

20 80 45 40 O 99 2 0 O 0 0 05 1 0  #peak
0.0000 0.1 00 O 0 99 2 0 0 0 0 05 0 0  #init

-10. 50. 16 10 O 99 2 0 0 0O 0 05 o0 0 #infll
0.001 10 03 03 0 99 -4 0 0 O 0 05 0 O #slopel

-5 0 0 9 0 99 -4 0 0 0 0 05 0 0 #fina

-10. 5 00 01 O 99 -3 0 0 0 0 05 0 0 #nfl2
0.0000110 03 3 0 99 -4 0 0 0O 0 05 0O 0  #slope2
0. 25 8 4 0 99 -4 0 0 O O 05 0 0  #width of top

#Size-Selectivity for Triennial shelf survey (double logistic)

20 60 45 40 O 99 -2 0 0 0 0 05 0 0 #peak
0.0000 0.1 00 O O 99 -2 0 0 0 0 05 0 0 #init

-10. 50. 0.0 00 O 99 3 0 0 0 0 05 0 0  #infl
0.0001 10 03 03 O A 4 0 0 O 0 05 O 0 #slopel

-5 100 0 9 0 99 -3 0 0 0 0 05 0 0 #find

-10. 5 00 01 O 99 -4 0 0 0 0 05 0 0 #nfl2
0.0000110 03 .3 O 99 -4 0 0 0 o0 05 0 0  #slope2
0. 25 4 4 0 99 -4 0 0O O O 05 0 0  #width of top

#Size-Selectivity for AFSC slope survey (double logistic)

#20 60 45 40 O 99 4 0 0 o 0 05 O 0  #peak
#0.000 0.1 00 O 0 99 -2 0 0 0 0 05 0 0 #init

#-10. 50. 0.0 00 O 99 4 0 O 0 0 05 0 0  #infl
#0.001 10 03 03 O 99 -4 0 O 0 0 0.5 0 O#slopel

#5 100 0 9 0 99 -4 0 0 0 0 05 0 0 #fina

#10. 5 00 01 O 99 -4 0 O 0 0 05 O 0  #nfl2
#0.0000110 03 3 O 99 -4 0 0O O O 05 0 0  #slope2
#0. 25 10 4 0 99 -4 0 0 O 0 05 0 0  #widthof top

0 25 1 40 O 99 -3 0 0 0 0 05 0 0 #peak
20 40 25 0 0 99 -2 0 0 0 0 05 0 0  #init

#Size-Sdectivity for NWFSC slope survey (double logistic)

#20 60 45 40 O 99 4 0 0o o 0 05 0 0  #peak
#0.0000 0.1 0.0 O 0 99 2 0 0 0 0 05 0 0 #nit
#-10. 50. 0.0 00 O 99 4 0 O 0 0 05 0 0  #infl
#0.001 10 03 03 O 99 -2 0 0 0 0 05 0 O#slopel
#5 100 0 9 0 99 -4 0 0 0 0 05 0 0 #fina

#10. 5 00 01 O 99 -4 0 O 0 0 05 O 0  #infl2
#0.0000110 03 3 O 99 -4 0 0 O O 05 0 0  #slope2
#0. 25 10 4 0 99 -4 0 0 0O 0 05 0 0  #width of top

0 25 1 40 O 99 -3 0 0 0 0 05 0 0 #peak
20 40 25 0 0 99 -2 0 0 0 0 05 0 0 #init

#Age selectivity for North trawl

#0.01 10 1 25 0 9 5 0 0 O O 05 0 0 #nfl_for_logistic

#0.00001 60 70 15 O 9 5 0 0 0 0 05 0 0 #Buwidh for logdiciSze-SHedtivity
for Combined Slope survey (logistic)

#Age selectivity for South trawl

#0.01 10 1 25 0 9 -5 0 0 O O 05 0 0 #nfl_for_logistic

#0.00001 60 70 15 O 9 5 0 0 0 0 05 0 0 #95%width for_logisici#Size-Sdedtivity
for Combined Slope survey (logistic)

#Age selectivity for Triennial 55-366 survey
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#0110 1 25 0 99 -5 0 0O O O 05 0 O #nfl_for_logistic

#0.00001 60 70 15 0 9 5 0 O O O 05 0 O #95%width_for_logistic
#Age selectivity for triennial 366-500 survey

#0.01 10 1 25 0 99 5 0 0 0O O 05 0 0 #nfl_for_logistic

#0.00001 60 70 15 0 9 5 0 0 O O 05 0 0 #95%width_for_logistic
#Age selectivity for AFSCsurvey

#0.01 10 1 25 0 9 5 0 0 0O 0 05 0 o0 #nfl_for_logistic

#0.00001 60 70 15 0O 99 -5 0 0 O O 05 0 0 #95%width_for_logistic
#Age selectivity for NWFSC survey

#0.01 10 1 25 0 9 5 0 0O O O 05 0 0 H#nfl_for_logistic

#0.00001 60 70 15 0O 9 5 0 O O O 05 0 O #95%width for_logistic

# custom-env_read
0
# O=read_one_setup_and_apply to_all;_1=Custom_so_read 1 each;

#_custom-block_read

0 # O=read one_setup_and_apply_to_all;_1=Custom_so_see detailed_instructions_for_N_rows_in_Custom_setup
# LO HI INIT PRIOR PR_type SD PHASE

-101000099 6

-4 # phase for_selex_parm_devs

1 # max_lambda_phases:_read this Number_of_values _for_each_componentxtype below
1 #_include (1) or not (0) the constant offset For Log(s) in the Log(like) calculation
# survey lambdas
0 0 0 1 1 1
# discard_lambdas
0 0 0 0 0 0

# _meanbodywt
0
# lenfreq_lambdas

1 1 1 1 11
# age freq_lambdas

0 0 0 0 00
# size@age_|lambdas

0 0 0 0 00
# initial_equil_catch
0
# _recruitment_|lambda
1
# parm_prior_lambda
1

# parm_dev_timeseries |lambda
0

# crashpen lambda

100

#max F

0.9

999 # end-of-file
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