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Executive Summary

Stock

This assessment reports the status of the Englisiarophrys vetulus
resource off the coast of the United States froerMlexican Border to the Canadian
border. Both commercial and fishery independerda datirces are treated separately for a
southern (INPFC Conception and Monterey) and aheont(INPFC Eureka, Columbia
and U.S. Vancouver) area, however the Englishpobeilation is modeled as a single
stock.

Catches
Historical landings from 1876 to 2004 were recangd from a variety of

sources. Peak landings from the southern areamctur the 1920s with a maximum of
3,976 mt of English sole landed in 1929. Peakileggifrom the northern area occurred
from the 1940s to the 1960s with a maximum of 4,8®8anded in 1948. Landings in
both areas have generally declined since the né@4.@nd are at nearly historical lows
in recent years. Model estimates of discardingaye 20% by weight over the time
series, with higher discards corresponding to plerf large recruitment and due to the
associated increase in relative abundance of smallmarketable English sole.

Table a. Recent commercial fishery landings by INRIFea and fleet.

South us North

Year Conception Monterey total Eureka Columbia Vancouver  total
1995 11 400 411 107 280 327 714
1996 11 423 434 183 353 182 718
1997 12 453 466 283 452 302 1,038
1998 5 224 229 317 329 264 910
1999 9 219 227 216 295 173 685
2000 9 172 181 157 211 200 569
2001 29 170 199 275 335 180 791
2002 6 95 102 293 333 440 1,067
2003 3 60 64 87 262 464 813
2004 31 65 96 210 330 314 853
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Figure a. Reconstructed historical landings (mtyégr and area, 1876-2004.

Data and assessment

The most recent assessment for English sole wésrped in 1993 (Sampson),
using an earlier version of the Stock Synthesigm (Methot, 1989). That assessment
considered the female portion of the stock off @regnd Washington during the years
1977-1993. The English sole spawning biomass wasd to be increasing and it was
concluded that the fishery was sustainable at \tbentemporary harvest levels.

The current assessment uses the Stock Synthesiddling framework to
estimate model parameters and management quantitiesoast-wide English sole
population (U.S. only), including both males anthédes as well as historical landings
estimates from over 100 yrs of commercial fishing iacluded in the model. A fisheries
independent estimate of relative biomass, the NMiegnial groundfish survey, is
included from 1980-2004. Life history data fromstBurvey, including maturity
observations, length-weight relationships as webarvey length composition and age
composition data are also used. Length and agefisiah commercial fishery landings
are included from 1948-2004, as well as fishergalid information from three separate
observer programs, 1950-1961, 1985-1987 and 2003-20

Stock biomass
English sole spawning biomass was found to be asing rapidly over the last

decade after a period of poor recruitments frormiee1970s to the mid 1990s, which
left the stock at nearly historically low levelshd spawning biomass at the beginning of
2005 was estimated to be 31,379 mt (~ 95% confelénterval: 23,480-39,278), which



corresponds to 91.5% (64.5-118.4%) of the unexgdogquilibrium level. Current (2004)
total catches were estimated to be 1,341 mt, oflwBb0 mt were landed.

Table b. Recent trend in English sole spawning b&srand depletion level.

Estimated

spawning  ~95% confidence Estimated ~95% confidence
Year biomass (mt) interval depletion interval
1995 9,149 4,557-13,741 26.7% NA
1996 9,469 4,880-14,058 27.6% NA
1997 9,856 5,303-14,409 28.7% NA
1998 11,153 6,432-15,874 32.5% NA
1999 14,198 9,039-19,357 41.4% NA
2000 17,589 11,926-23,252 51.3% NA
2001 20,661 14,599-26,723 60.2% NA
2002 24,138 17,571-30,705 70.3% NA
2003 27,873 20,580-35,166 81.2% NA

2004 30,334 22,602-38,066 88.4% 61.6-115.3%
2005 31,379 23,480-39,278 91.5% 64.5-118.4%
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Figure b. Estimated spawning biomass time-seriés agproximate asymptotic 95%
confidence interval.

Recruitment

Following two decades of low recruitments, stroegryclasses were estimated
for 1995, 1996, and 1999. The data indicate tr@afl899 year class may be the largest in
the time-series, although the magnitude is somewhegrtain because the assessment



contains no age data subsequent to 2000. The effduis source of uncertainty is
discussed further below.

Table c. Recent estimated trend in English soleuregxent.

Estimated
recruitment ~95% confidence
Year (1000s) interval

1995 210,815 119,186-302,454
1996 202,183 95,172-309,188
1997 137,126 47,048-227,212
1998 177,488 74,110-280,870
1999 317,501 162,050-472,950
2000 152,242 44,138-260,342
2001 120,796 44,184-197,416
2002 165,799 57,790-273,810
2003 120,123 31,702-208,538
2004 113,420 31,075-195,765
2005 114,578 30,792-198,368
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Figure c. Time series of estimated English soleuizoents.

Reference points

Because of temporal changes in growth and matuhiéye are two types of
reference points reported in this assessment: thexsed on the assumed population
parameters at the beginning of the modeled timegand those based on the most
recent time period in a ‘forward projection” modecalculation. All strictly biological
reference points (e.g., unexploited spawning bignae calculated based on the



unexploited conditions at the start of the moddlereas management quantities (MSY,
SBnsy, €tc.) are based on the current growth and mptsehedules and are marked
throughout this document with an asterisk (*).

Unexploited equilibrium English sole spawning bias#.eo) was estimated to
be 34,312 mt (~ 95% confidence interval: 27,179,445), with a mean expected
recruitment of 122,820 thousand age-0 English shI8Y, estimated in the assessment
model, was 4,080* mt (2,416-5,743). This valuedsyclose to the estimated total
average catch from the period of heaviest explonatl917-1991, of 3,764 mt. The
spawning stock biomass expected to produce MS¥datels was 5,696* mtl{12,102,
the symmetric approximation of the 95% confidemterival included zero and was
therefore rounded up), or 19.1%* B, (forward projected). This level of exploitation
was estimated to result in a spawning potentia (8PR) of 23.8%*.

Exploitation status

The estimated spawning potential ratio for Engdéiste has been above both the
proxy target of 40% for flatfish as well as theirasted MSY level of 23.8% for the last
decade.
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Figure d. Time series of estimated depletion le187,6-2005.
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Table d. Recent trend in spawning potential reé5BR).

~95%
Estimated Confidence

Year SPR interval
1995 53.1% NA
1996 55.2% NA
1997 49.5% NA
1998 56.9% NA
1999 66.3% NA
2000 76.0% NA
2001 75.4% NA
2002 75.3% NA
2003 82.7% NA
2004 83.7% NA
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Figure e. Time series of estimated spawning p&kratio.
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Figure f. Temporal pattern of estimated spawninggptial ratio relative to the proxy
target of 40% vs. estimated spawning biomass velabi the proxy 40% level.

Management performance
Recent English sole landings and estimated dis¢ards been below both the coast-wide
ABC of 3,100 mt and the estimated MSY harvest le¥el,080 mt.

Table e. Recent trend in estimated total Englisé satch and landings (mt)

Year Landings (mt) Estimated total catch (mt) Cavisie ABC
1995 1125 1,817 3,100
1996 1152 1,775 3,100
1997 1504 2,327 3,100
1998 1139 1,910 3,100
1999 912 1,582 3,100
2000 750 1,233 3,100
2001 990 1,533 3,100
2002 1168 1,775 3,100
2003 877 1,306 3,100
2004 950 1,341 3,100

Unresolved problems and major uncertainties

This assessment addresses uncertainty in paravadies and predictions of
stock status through asymptotic variance estimatdssensitivity testing of the
maximum likelihood estimates. Confidence internfatspopulation parameters were



generally wide, indicating substantial uncertaintyhe time series of biomass,
recruitment and relative depletion level for Engleole. Three specific areas of
uncertainty were examined:

1)

2)

3)

The 1999 year class strength was estimated torydarge. Alternate
model runs constraining this and subsequent yaases$ indicated that the
current stock size was sensitive to the estimataginitude of these
recruitments.

A large reduction in the length at 50% maturity tamed with slower
estimated growth rates in recent years has poligntlzanged the
productivity of the English sole stock. Changebath of these
characteristics were explicitly modeled and altegmaodels assuming no
change were compared.

Changes in fishery selectivity and retention appedrave occurred over
time and between fleets. Selectivity was allowediange over time in
the model, however, sparse data on the discardetion of the catch and
for the landed catch over certain time periodslteso the need for the
modeled patterns of fishery selectivity and retamto be very simple in
the current assessment, likely underestimatingiticertainty in
population dynamics. An effort was made to exptbese simple
assumptions through sensitivity testing.

The conclusion that current spawning biomass exctedtarget leveByo) was found
to be robust to all three of these sources of wacgy as well as other sensitivity
analyses included.

Forecasts

Forecasts were generated assuming the maximumtbtzich would be
removed under the 40:10 harvest control rule. A/d#r average of the relative F
contribution from the southern and northern fleeas used for this projection. This ratio
was 22.4% for the southern fleet to 77.6% for tbehern fleet. Very large potential
catches (3-6 times recent average values) aregpeedo be possible over the first five
years of the projection.



Table f. Projection of potential English sole catieimdings, spawning biomass and
depletion for the base case model under the 4Qi&0 r

Total Total Spawning

catch landings biomass
Year (mt) 95% interval (mt) (mt) 95% interval Depletion 95% interval
2005 10,215 7,656-12,774 7,545 31,379 23,480-39,278 50.91 0.645-1.184
2006 8,249 6,264-10,234 6,002 24,908 18,843-30,973 0.726 0.518-0.934
2007 6,773 5,142-8,404 4,813 20,080 15,126-25,034 0.585 0.419-0.752
2008 5,701 4,280-7,122 3,938 16,645 12,341-20,949 0.485 0.345-0.625
2009 4,972 3,671-6,272 3,318 14,418 10,453-18,383 0.420 0.294-0.546
2010 4,451 2,917-5,985 2,874 13,121 9,294-16,948 0.382 .26290.503
2011 4,122 2,707-5,538 2,607 12,434 8,854-16,014 0.362 0.248-0.476
2012 3,945 2,599-5,291 2,473 12,076 8,669-15,483 0.352 .24000.464
2013 3,836 2,539-5,132 2,397 11,861 8,600-15,122 0.346 0.234-0.457
2014 3,759 2,498-5,019 2,347 11,714 8,571-14,857 0.341 0.229-0.454
2015 3,701 2,464-4,939 2,311 11,607 8,550-14,664 0.338 0.225-0.451
2016 3,659 2,433-4,885 2,284 11,530 8,529-14,531 0.336 .22200.450

Decision table

The format and content of the decision table weesalt of extensive discussion
during the STAR panel. The strength of recent ptsses was closely related to current
stock status and was identified as an importantcgoof uncertainty in this assessment;
this “axis of uncertainty” was therefore selectedifhclusion in the table. The spawning
biomass estimated from the base case model wag3BiBat the beginning of 2005,
with an approximate 95% confidence interval inahgdihe range of 23,480-39,278 mit.
Due to the relatively large current estimate ofsapiag biomass, it was agreed that two
alternate states of nature reflecting the lowéotahe distribution from the base case
would be presented. By imposing a large constrairthe recruitments from 1999 to
2005, the current spawning biomass was reduce8,#@@2 mt. Constraining 1998 and
subsequent years to the same degree resultecestiarated 2005 spawning biomass of
23,824 mt. These runs were considered to be “elyliland “least likely”, as they
represented increasing constraint away from the base model. The approximate
probability of each of these states of nature vedsudated from the cumulative
distribution of uncertainty in 2005 spawning biosé&sr the base case model.
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Table g. Decision table as requested by the STARIpa

State of nature

Low recruitment

Low recruitment

Base case after 1998 after 1997
Subjectiverdative probability Most likely Unlikely Least likely
Approximate probability that spawning
biomass < spawning biomass for the 0.5 0.08 0.03
assumed state of nature
Management decision Quantity Year
2005 0.91 0.74 0.70
2006 0.92 0.74 0.71
2007 0.91 0.74 0.70
Depletion 2008 0.89 0.72 0.69
2009 0.86 0.71 0.69
2010 0.83 0.70 0.68
3-year average landings 2016 0.73 0.68 0.68
South = 87 mt, North = 911 mt 2005 31 26 24
; 2006 32 26 24
priJgr\:]vglsnSg 2007 31 25 24
(1000s 2008 30 25 24
2009 29 25 23
m) 2010 28 24 23
2016 25 24 23
2005 0.91 0.74 0.70
2006 0.89 0.71 0.67
2007 0.86 0.68 0.64
Depletion 2008 0.81 0.64 0.61
2009 0.76 0.61 0.58
2010 0.72 0.59 0.56
200% of 3-year average landings 2016 0.57 0.51 0.49
South = 174 mt, North = 1,822 mt 2005 31 26 24
; 2006 31 25 23
pr;gr\:]vglsnsg 2007 29 24 22
(1000s 2008 28 22 21
2009 26 21 20
m) 2010 25 20 19
2016 19 18 17
2005 0.91 0.74 0.70
2006 0.73 0.55 0.50
2007 0.59 0.41 0.37
Depletion 2008 0.49 0.32 0.28
2009 0.42 0.27 0.22
2010 0.38 0.24 0.19
2016 0.34 0.18 0.10
2005 31 26 24
Spawning 2008 25 19 17
ABC landings estimated from base biomass 588; i? ﬁl 192
case (1000s 2009 14 9 7
m) 2010 13 8 6
2016 12 6 3
2005 7,545
2006 6,002
Landed 2007 4,813
catch 2008 3,938
(mt) 2009 3,318
2010 2,874
2016 2,284
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Research and data needs

A number of crucial data sources would substasgtiatprove the ability of this
assessment to reliably and precisely model Engliddn population dynamics in the
future. In order of priority (author’s personal njoin):

1) The NWFSC trawl survey is currently collecting dtwd for use in ageing
of English sole. A comparison study of otolith anteropercular (used in
this assessment) age reading precision and agré&mald allow use of
survey otoliths and provide a fishery independentce of age
information for this assessment. Because the swg@kegts smaller fish
than the commercial fishery, this would improvaraation of both
growth curves and recent year class strengths.

2) Collection of maturity data on an ongoing basisrfreurvey or fishery
sources that could be used to track future chaafjesting modeled
spawning stock biomass.

3) This assessment contains little data on the leingtjuency of the
discarded portion of the commercial catch of Efgéisle. This would be
valuable data to add to the discard fractions amdage individual
weights currently being collected.

4) Despite much effort prior to this assessment, tlseséll uncertainty in
some parts of the historical landings series. Bpalty needed are: 1) a
method for reconstructing landings in Washingtaomo 1956 from U.S.
waters, 2) landings data from Oregon from 1954-1&4d 3) a thorough
study of the mink food fishery in Oregon and Catifia including
estimates of the total volume and size structuatfhes associated with
this fishery.

5) Because the U.S.-Canada border does not appearatoneaningful
biological boundary for the English sole populatiertension of this
assessment to include Canadian waters may be negésdetter capture
population trends.

Rebuilding projections
The stock of English sole off the United States naisfound to be currently
overfished, and therefore does not require remglgirojections.

Regional management concerns

The biggest obstacle to modeling the English sofgufation in the southern and
northern areas separately is a lack of data; spaltyfthe length-frequency of discarded
fish (to reliably estimate selectivity separataly éach fleet), current maturity
observations and sufficient age data to allow esion of the growth curve for each area
as well as model changes in growth over time. Withbese data it is difficult to
speculate on whether regional management is apatefgor English sole, as relatively
large historical catches of similar magnitude hiawen removed from both areas.

13



Table h. Summary of recent trends in English sgpdodtation and stock levels; all values reportéetha beginning of the year.

Quantities based on the current growth and matacikedules and are marked with an asterisk (*)aaadot comparable to those

based on unfished conditions.
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 005 2
Total catch (mt) 1,817 1,775 2,327 1,910 1,582 1,233 1,533 1,775 061,3 1,341 NA
Estimated discards (mt) 692 623 824 771 670 484 543 607 429 391 NA
Landings (mt) 1,125 1,152 1,504 1,139 912 750 990 1,168 877 950 A N
ABC (mt) 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 003,1 3,100 3,100
oYy NA NA NA NA NA NA NA NA NA NA NA
SPR* 53.1% 55.2% 495% 56.9% 66.3% 76.0% 75.4% 75.3% 7982. 83.7% NA
Total biomass (mt) 24,146 26,705 29,448 33,343 39,740 43,741 48,245 ,6832 54,755 55,990 56,134
Spawning biomass (mt) 9,149 9,469 9,856 11,153 14,198 17,589 20,661 24,13 27,873 30,334 31,379
~95% interval 4,557- 4,880- 5,303- 6,432- 9,039- 11,926- 14,599- 17,571- 20,580- 22,602- 23,480-
13,741 14,058 14,409 15,874 19,357 23,252 26,723 30,705 35,166 38,066 39,278
Recruitment (1000s) 210,820 202,180 137,130177,490 317,500 152,240 120,800 165,800 120,120 ,4203 114,580
~95% interval 119,186-  95,172-  47,048- 74,110-  162,050- 44,138-  44,184-  57,790- 31,702- 31,075- 30,792-
302,454 309,188 227,212 280,870 472,950 260,342 197,416 273,810 208,538 195,765 198,368
Depletion 26.7% 27.6% 28.7%  32.5% 41.4% 51.3% 60.2% 70.3% 2981. 88.4% 91.5%
~95% interval 61.6- 64.5-
NA NA NA NA NA NA NA NA NA 115.3% 118.4%
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Table i. Summary of English sole reference po@isantities based on the current growth and mataciedules and are marked
with an asterisk (*) and are not comparable toe¢hmssed on unfished conditions. The symmetric aqmiadion of the 95%
confidence interval included zero for some quaaditihe lower limit is therefore rounded up andaifics.

Quantity Estimate ~95% Confidence interval
Unfished spawning stock biomas3g), mt) 34,312 27,179 - 41,445
Unfished total biomasd§, mt) 63,642 NA

Unfished recruitmentRy, thousands) 122,820 97,289-148,351
Spawning stock biomass at MS$Rys)* 5,696 1-12,102

Basis forSBnsy Estimated NA

SPRusy* 23.8% 0.019%52.5%

Basis forSPRysy Estimated NA
Exploitation rate corresponding 8PRsy* 0.231 NA

MSY* (mt) 4,080 2,416-5,743
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1. Introduction

1.1 Life history

English sole RParophrys vetulus are a common right-eyed flatfish species,
occurring from Northern Baja California to the Al islands off Alaska (Hart, 1973;
Eschmeyer and Herald, 1983). English sole inhediitaries and near shore areas and
range to depths of over 500m (Eschmeyer and Het@B), including Puget Sound and
the Strait of Georgia. Starry floundétdtichthys stellatysand English sole are known
to hybridize, however this is rare, and appearsctur primarily in Puget Sound
(Eschmeyer and Herald, 1983).

Adult English sole have a diverse diet, consistirnly of benthic organisms
such as polychaetes and amphipods (Kravitz e1@I6) and tend to occur over sand or
sand-mud substrates (Demory et al., 1976). Engbddrspawn in the winter (roughly
December to April) and this does not appear to ghaver the latitudinal range of the
species like some other flatfishes (Castillo, 1988glish sole move toward deeper
water during the spawning period, as reflecteddiglt sampling by depth (Alverson,
1960; Hewitt, 1980), but they do not concentrate dense aggregations the way petrale
sole Eopsetta jordanido.

English sole eggs are slightly buoyant and hatidwadays after spawning
(Forrester, 1969). Larvae are pelagic for a peiasting two to three months (Laroche et
al., 1982). Planktonic English sole larvae are comin the surface waters off Oregon
after spawning, during the late winter and earlyngp(Richardson et al., 1980). Pelagic
larvae depend on a diet of mainly appendicularéamgg this phase (Gadomski and
Boehlert, 1984). The settling of larvae occursprirgy, in both near shore (Krygier and
Pearcy, 1986) and estuary areas. Juveniles spngkdrs rearing in coastal estuaries
and/or the open coast, especially in the southedroétheir range (Kramer, 1991),
before moving to deeper waters. In the north, i@t estuaries include the Columbia
River, Willapa Bay, Yaquina Bay and Grays Harborthe south, both the San Francisco
bay area and the open coast may provide substpndidliction. Production of recruits
and population distribution is limited at the extieesouthern end of the range of English
sole because of increased water temperatures,igbpecthe estuaries.

The size composition of juvenile English sole ituasies is variable, depending
on the oceanic conditions and dates of settlema@ngénerally ranges from 2-18 cm
(Westrheim, 1955; Toole, 1980). There may be dgagipendent interactions within a
year class during the estuary period, but dietatyspatial partitioning appears to reduce
the effect between sequential cohorts (Toole, 1988)eniles first occupy tidal, then
sub-tidal habitats before they begin to leave gteagies during the fall of their second
year. It has been hypothesized that English scleiitenent to the coast outside the
estuaries is relatively constant, due to a demgfyendent carrying capacity of estuary
rearing areas (Rooper, 2002; Rooper et al., 20mtal juvenile production is thus likely
to be limited by the available estuary habitat eredrelatively constant juvenile density
among estuaries and across years (Rooper et @4).2Zhhis stability in recruitment
appears to be robust even to changes in envirominesrditions due to El Nifio events
(Rooper et al., 2004).

! English sole are variously referred to as “lemole’sand “pointed-nosed sole”, especially in the
historical literature.
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Upon leaving the estuaries, English sole begindpedse toward deeper water as
they get larger (see analysis of survey data belSane individuals are mature at age
three, but the percentage increases rapidly waih sis does the egg production from
roughly 150,000 eggs at 30 cm to 2,000,000 egd8 atn (Forrester, 1969). English sole
are relatively small bodied for a commercial spgcwith most individuals attaining sizes
of 30 to 40 cm in the retained catch. Maximum semresless than 60 cm for the largest
individuals in both the U.S. and Canadian fishefiemrester, 1969). English sole
display highly sexually dimorphic growth, with felea attaining lengths nearly twice
that of males. This results in only a small fractaf the commercial catch being
composed of males, while survey catches are mudeicto 50:50 in sex-ratio.

1.2 Stock structure

Very few English sole are captured by either themmercial fishery or the NMFS
triennial survey near the U.S.-Mexico border. Tguditical boundary is therefore a
reasonable proxy for the southern extent of thekstdo the north, English sole are
abundant at the U.S.-Canada border. The histdratedry from Washington and Oregon
frequently fished on both sides of the border (Adem, 1956) and there appears to be no
discontinuity in abundance that would indicate @dgical boundary. However, this
assessment does not include waters outside thegenaeat of the Pacific Council.

Tagging data from research conducted in Puget S(Rmder and Van Cleve,
1954; Menasveta, 1958; Day, 1976) and the Straiexfrgia (Ketchen and Forrester,
1955) revealed very little exchange between inlaaters and those of the open coast
(this review is part of a larger Bayesian mark-ptaee analysis currently in prep by the
author). Of 24,408 tags released in Puget Soundhen8trait of Georgia, only 12
(0.002%) of the 5,756 recoveries were capturethefiopen coast. Conversely, only 3
(0.001%) of 4,232 tags recovered from 32,431 telgmsed on the open coast were
recaptured within Puget Sound or the Strait of GorA single study (Forrester, 1969)
tagged 282 English sole in the Strait of Juan d=Ffund recovered 34 of 59 tags from
the open coast, mostly off Washington, but rangisdar south as Oregon. In aggregate,
these results seem to indicate that Puget Sountharfgtrait of Georgia are isolated from
the open coast, but that mixing of adults does otcgome extent in the Strait of Juan de
Fuca. This assessment assumes that the stock lidlEsgle occurring in Puget Sound
has little or no exchange with the coastal popartati

On the U.S. outer coast, the choice of appropsttek structure for an English
sole stock assessment is difficult. Many Englisle sagging programs have been
conducted off the coast of both the U.S. and Casada the 1930s. These include
releases off the coast of British Columbia (Mani®46; Taylor, 1946; Ketchen, 1950;
Ketchen, 1956; Forrester, 1969), Washington (R&t€9), Oregon (Harry, 1956; Harry,
1959; Golden et al., 1979) and California (Jow,99&\l studies found limited
latitudinal movement by English sole occurring begw historical PMFC areas (Pacific
Marine Fisheries Commission; many of these stugliesdate the more recent INPFC
area designations), but a few individuals that apgeto move much greater distances.

In order to capture some of the spatial variabitityhe English sole population
and the commercial fisheries while still usingmle single-stock assessment model
data are delineated into ‘northern’ and ‘southameas based on three sources of
information: survey biomass distribution, receshéry catch distribution inferred from
logbooks, and catch history. Patterns in all tloietese series indicate that there are
two areas of increased abundance, one in the airf®regon and Washington and one
off central California and that both have experezhe distinct exploitation history (see
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analysis of data sources below). Because virtiadliglata sources have been collected
and stratified by INPFC (International North Pacifisheries Commission) areas, it was
efficient to select an INPFC boundary at which étirceate areas, to the extent that this
adequately captured biological considerations. Sthehern area therefore includes
English sole from the U.S.-Mexico border to theth@dge of the Monterey INPFC area
and the northern area includes English sole frarstiuthern border of the Eureka
INPFC area to the U.S.-Canada border (Figure 1y d$sessment treats data from both
areas together, modeling the U.S. English soleuresoas a single population.

1.3 Historical and current fishery

English sole have been captured by the bottom tiiatwdry operating off the
western coast of North America for over a centimCalifornia, the first paranzella
trawl fishing began in 1876, and by 1880 there véeb®ats fishing from San Francisco
(Scofield, 1948). By 1888 the fishery was usingstdrawling (Scofield, 1948). The
fishery was primarily targeting flatfish in the rdié depths and it was estimated that 20-
25% of the catch was discarded as unmarketabldi€®tdl 948). The fishery increased
rapidly, shifting from boats working exclusivelytaaf San Francisco toward the north to
include Eureka during the period 1935 to 1940 (C14035; Scofield, 1948). The first
trawl fishing off Oregon began in 1884-1885, butdadrom small exploratory catches by
a few vessels, it did not become well establish&d 1937 (Harry and Morgan, 1961).
Effort then increased quickly to become a “thrivifighery with large catches during
WWII (Harry and Morgan, 1961).

English sole have also been caught in large nunibtmrsPuget Sound and off
the British Columbia coast during much of the histal fishery. English sole were a high
value species in Puget sound from 1917 througbeat kthe 1950s (Palmen, 1956). It has
been estimated that 1.6 million pounds of Englisle svere landed in British Columbia
between 1956 and 1965 (Forrester, 1969). Englighlandings have generally been
stable over the last 50 years off British Colundoma Canadian fisheries managers
consider the stock to be stable and the fisheryamable at current levels (DFO, 1999).

The time series of historical U.S. landings wa®nstructed from 1876 to 2004
from a variety of sources. Peak catches from tihson area occurred in the 1920s with
a maximum of 3,976 mt of English sole landed ind.9Peak catches from the northern
area occurred in the 1940s to the 1960s with amnaxi of 4,008 mt landed in 1948.
Landings from both areas have generally declinedesine mid 1960s and are at nearly
historical lows in recent years (Figure 2, TableE-vessel price per pound has been
quite stable since 1981 at 32 to 40 cents per pdwwlever when corrected for inflation
via the Consumer Price Index the relative pricededined steadily over the time period
(Figure 3).

English sole are captured almost exclusively bydmtrawl gear in the west
coast fishery along with a mix of other shelf raskfand flatfish species. Landings of
English sole inferred from recent logbook datadatk that most of the commercial catch
is from shallow waters. From 1987-2003, 55% oflishgsole landings came from 60
fathoms or shallower and 82% from 100 fathoms atlever (Figure 4). English sole
have been managed under coast-wide ABCs, whiclkesept the summation of region-
specific harvest amounts (Table 2). Actual has/bsaive not exceeded the ABCs since
they were first specified for English sole in 1988glish sole have been grouped into the
“other flatfish” category with respect to trip-limiimposed by the Pacific Council.
Regulatory limits on the landings of this categlbaye only been specified since 2000
(Table 3). However, it should be noted that precesmposed landing restrictions
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(relating to both fish size and landing amount)ehaiso affected retention/discarding
patterns in recent decades. Recent developmenbdified flatfish-targeting trawl gear
(King et al., 2004), designed to reduce the indidecatch of rockfish and other species
has recently been incorporated into managemenhéomnorthern portion of the U.S.
coast. This action may allow for an increase ihifig activities for English sole and
other near-shore flatfish by the commercial fisharthe future.

2. Assessment

2.1 Fishery independent data

The primary fishery independent data source far élssessment is the triennial
bottom trawl survey conducted by the AFSC (Alaslshé&ries Science Center), 1977-
2001 and NWFSC (Northwest Fisheries Science Cerg@@4. This survey was
designed to sample rockfish, but has evolved iotm@and in application to provide
density estimates, length and age frequency digtoibs as well as a suite of biological
information for a diverse group of assessed andsessed groundfish species (Dark and
Wilkins, 1994; Weinberg et al., 2002). The trieadrsurvey methodology and area
surveyed have evolved over time, but this survegeigerally considered to be a coherent
time series for use in groundfish stock assessments

The sampling design and survey strata commonly tesadalyze the triennial
survey time-series reflect a compromise for sargpiirany species with different life-
histories over a broad geographical distributitman effort to derive meaningful
biological strata for English sole that reflectstfbre ontogenetic movement patterns, the
relationship between average body size of indiMidtrglish sole in a tow and the depth
at which that catch was made was explored. Figugigows the nearly linear increase in
body size from 50 to 150m depth and the subseaiatibnarity of this relationship at
greater depths. Based on this movement towarcedeegder as body size increases, a
piecewise linear regression (Neter et al., 1996 fitdo the data in order to estimate the
depth at which adults appear completely mixed aresumably, ontogenetic movement
ends. This regression had the form:

W = li(B1+ BrDepth) + Ix(B1+ B2B3J+¢
_{1, whereDepth < 33

I =
1 0, whereDepth >33

= 0, whereDepth < 3
271, whereDepth >53

iid

£~ N(O,az)

where the linear model with intercef,, and slopef3,, is joined to a simple mean body

weight at depths greater th&g. Error was assumed to be independent and normally

distributed. The likelihood of the observed bodyi®iin each tow was weighted by the
square-root of the number of fish captured by tbat Maximum likelihood values for
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the model parameters werg; =-0.006, 3> = 0.002, ang3 = 154.999. The strata

boundaries were therefore selected as: 155m tim i@taof the relatively homogenous
adult stock in a single strata, and 100 m, to @itk area with rapidly increasing body
size with depth into roughly equal portions. Patanalysis indicated that these strata
were also appropriate for petrale sole and werd usthat assessment as well. This
approach represents a form of post-stratificatémal, as such, sampling variance
estimates around strata biomass may not be ensiratigtically valid.

The triennial survey estimates of per haul deriitignglish sole provide a logical
basis for exploring potential stock structure a$ $pecies. By comparing the cumulative
catch per unit effort along the coast, with thalteffort expended by the survey, areas of
high and low density can be identified. Recognizimag there is small-scale variability
between tows, | calculated the cumulative catchupéreffort per 50 tows and then
standardized this by the survey effort per 50 tohinss approach results in a latitudinal
metric centered around zero (where each catchrpieefiiort observation would lie if all
tows captured the same density). Figure 6 shogvsumulative catch of English sole by
latitude. This figure clearly shows two regionshwiibwer than expected density, the area
corresponding to the Conception INPFC area (< 3feses north) and the area between
about 39 and 42 degrees north corresponding todftBern portion of the Monterey
INPFC area and the southern portion of the EurBIRFIC area. Based on the analysis,
the southern edge of the Eureka INPFC area watifiddras a useful area boundary.

Many groundfish stock assessments have used thednal design-based
biomass estimates produced by AFSC staff. Thissassent calculated biomass
estimates based on the new depth strata idenéibesle, and used traditional estimates
for comparison only. Development of a biomass ta®ees used a standard area-swept
design based estimator of density, and expandsashimate based on the area within
each of the three depth strata and 5 INPFC sBatatable 4 for strata areas. These strata
estimates are reported individually, and were coebinto a northern and a southern
index of relative abundance used in the assessmauiel. Both areas appear to be
increasing in biomass over the period covered bysthivey (Table 5, Figure 7). A
comparison of the estimated biomass and coeffigiehvariation (by area and year)
shows little change from traditional estimates (iFgg8). Tables 6-9 give summary
statistics for survey effort and catches by steaud year. The high percent positive tows
across nearly all strata support the design-bastanaor approach.

Biological data collected from the triennial surdgysurvey staff and other
researchers included length frequency informatimiyidual fish weights, maturity
observations and a small sample of female Engbéhages. Length frequency data
were not collected consistently until 1989 (Tal®@ when all strata had at least one tow
sampled for lengths and at least three individisél fTable 11). For this reason, triennial
survey length frequency data were only includethenassessment model from 1989-
2004. Raw length frequency data were expanded tisshgame stratification applied to
the biomass index. The observed length frequencgdoh sex in each tow was expanded
to the total number of English sole in that towdshen the relative number sampled. The
expanded numbers were then further expanded baskn @rea swept for each tow, and
then the area within each stratum. The length &aqies for each stratum are reported
individually, and summed within each area for usthe model (Table 12, Figures 9-12).
All length-frequency data were binned into 18 tvewitmeter bins from 11 cm to 45 cm.
The triennial survey catches very few English $eds than 17 cm and very few greater
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than 37 cm. Little evidence of strong year classepparent in the length frequency
data.

Routinely collected maturity estimates from thernial survey appeared to be
unrealistic and likely confounded with spawnings$a as the estimated proportion of
mature females decreased among the largest figseTdata were not used in the
assessment. However, 1,084 maturity observati@ne wollected from the triennial
survey as part of a special project conducted duhe 1995 survey season (subsequently
published in: Sampson and Al-Jufaily, 1999). Thesa were used to fit a logistic
maturity curve for female English sole. Fitted \vedumatched the summarized observed
data very well (Figure 13), with parameter estimait23.30 for length at 50% maturity
and a slope of -0.61. The length at 50% maturitieidi substantially from observations
by Harry (1959), who found that 50% of female Eslglsole were mature at 31 cm.
Sampson and Al-Jufaily (1999) suggest that matumey also be higher for small fish of
older ages than similarly sized fish that are yaungowever this assessment considers
maturity as a function only of length.

Age frequency data in this assessment were tr@atednditional to the length
bin of the fish from they were collected. This eggch is implemented in SS2 and was
designed to address two issues with combined lesngdhage data: use of ages collected
through length stratified sampling and the useathllength and age-frequency
distributions in the same model where they are igglgdrom the same individual fish.
To avoid arbitrary weighting of the length and &gelihood components to attempt to
account for this problem, this assessment trebégalinformation as an extension of
length frequency by sex. To do this, all age datee compiled as conditional age-
frequency-at-length bin within each source (sumvefishery), area and year. With this
approach, the likelihoods are no longer double tingrsimilar information (sex and size
distribution information does not occur in the ciioshal age-frequency-at-length
observations) and the growth curve can be fittéglmal to the stock assessment model
avoiding potential bias arising from selectivitydartention in sample collection. In this
manner, 300 age-length observations collectedsocetion with the maturity study
were able to be included as conditional age-frequai length information for 1995,
assuming only that the ages were selected at ramdidrim lengths. These fish ranged in
age from 2 to 10 years (Table 13, Figure 14).

The relationship between weight and length varets/een the sexes, over space
and over time for English sole (Forrester and Thmm4969). For this analysis, data
from three years, 15 hauls and 472 fish were avail@lable 14). Increase in body
weight with length was modeled assuming multiplieaerror and according to the
standard 2 parameter growth function:

W = alP
In this model weight in kilograms is predicted ds@ length in centimeters. Parameters
were estimated for females and males separateddlmsan improvement in AIC when
sex was added to the model. Parameter values\ae i Table 15, and the fitted curves
are shown by sex and stock (plotted but not figeplrately) in Figure 15.

2.2 Fishery dependent data

The most important fishery dependent data in tioisksassessment model are the
time series of landed catch. However, there isingle source that can provide a
continuous time-series of commercial English saielings back to the beginning of the
trawl fishery on the west coast. Therefore, lagdidata were compiled from a variety of
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published sources, reports and databases. Thisggowas easiest for the most recent
years when landings were compiled by INPFC arema ftte PacFIN (Pacific coast
Fisheries Information Network) system. PacFIN lessimates of landings by all gear
types and by INPFC area were used for the peri@d-P®04 (extraction date: 1 February
2005; Table 1). For the period 1956-1980 total tlawdings were used as reported in
the previous assessment document (Sampson, 1993yaisummarized in Table 16.
Prior to 1956, landings showed a very differentgratof fishery development
and were reconstructed for the southern and nordreas separately. The total English
sole landings from all sources in California durthg period 1924-1965 were reported in
Jow (1969). These correspond quite closely wightthal landings from the California
Fish and Game Bulletin series for the years in whiey overlap. From 1931-1955 the
total English sole landings in California, reportgdJow, were partitioned between
Southern and Northern (that portion of the landiogsing from the Eureka area) areas
via the following method:

_ SEureka
ENorth = ECalifornia*(—_ _ )
SCaln‘ornla

Esouth= E california~ E North
whereE is landings of English sole, a&s the total sole landings and the subscripts
denote the area. The total sole landings for thelzuarea were reported in the
California Fishery Bulletins nos. 44-105 (BureawCaimmercial Fisheries, 1935; 1936;
Bureau of Marine Fisheries, 1940; 1942; 1944; Bur@aCommercial Fisheries, 1946;
1947; Scofield, 1948; Bureau of Commercial Fislgri®49; 1951; 1952; 1953; Marine
Fisheries Branch, 1954; 1956; Marine Resourcesddpes, 1958) and the total sole
landings from all of California in Heimann and Gsld (1970).

From 1921-1930 all of the English sole landing€alifornia were assumed to
have come from the southern area; this was bas#ueaatio of total sole catches in
Eureka to those from all of California from 19313¥9 From 1916-1923 the English sole
landings in the south were based on the totallaaf#ings in California from Heimann
and Carlisle (1970), and the average fraction etdial sole landings comprised of
English sole over the period 1924-1927 (0.844,ean@.827-0.871). This
reconstruction indicates large landings all the Wwagk to 1916 with the peak landing of
3,976 mt in 1929 (Table 17, Figure 2).

Since there were only anecdotal reports regardiaegievelopment of the trawl
fishery off San Francisco beginning with the knostart of trawling in 1876, landings
were extrapolated from 1876-1915. It was assumaidaiie metric ton of English sole
was captured in that first year, and that the figlggew at a rate that would result in the
1915 landings equal to half those of the recongdiandings in 1916 (2,454 mt, Figure
2). This rate was estimated to be 20% per yeacetfainty in this extrapolation was
explored via sensitivity testing to a landings eenvith landings of only one mt per year
before 1915 and another scenario with a lineaess® from 1 metric ton to the landings
in 1916 (Table 18).

Landings prior to 1956 for the northern area weoeeproblematic due to a lack
of unambiguous statistics from the state of Wadbinglt was estimated that as much as
67.7 percent of the English sole catch landed isiWayton came from the BC coast
(Alverson, 1956) as far north as Hecate Strait ¢/dwon, 1960), and much of the fishery
occurred in Puget Sound prior to 1956, thereby nwakiincorrect to assign catch from
the “red book” (State of Washington, 1955) to timeo-\Washington coast during this
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period. Because of the lack of detailed source¥ashington landings from the open
coast (excluding Puget Sound and the Coast oSBriolumbia) | was not able to
estimate Washington landings prior to 1956. Forpeod 1954-1955, landings for the
port of Astoria only were available (Oregon Fishn@nission, 1967) and were combined
with the estimate of English sole landings in thedka area (from above) as the estimate
for the northern area. For 1950-1953, Oregon Englide landings were given in Smith
(1956), and Eureka landings were calculated aseabBor 1944-1949, English sole
landings in Eureka were added to those from Ordgsed on Cleaver (1951). There
was also a miscellaneous sole category reportedgdiirese years, where the landings
were not partitioned down to species. A fractibthe miscellaneous category was
assigned to English sole based on the fractioe@inded English sole landings to those
of Petrale, RexHrrex zachiruy Dover Microstomus pacificysand arrowtooth flounder
(Atheresthes stomipsPeak landings of 4,008 mt from the northerrlstwere observed

in 1948. From 1928-1943 all (or nearly all in 198243) English sole landings were
reported as miscellaneous sole; this total wastipaed using the average fraction of the
total sole catch that was English sole in 1944-1@4835, range = 0.233-0.236). These
catches were estimated as zero metric tons in (@#§ 84 pounds of miscellaneous sole
were reported for 1928) and no appreciable fiskerglings were assumed to have
occurred in the north prior to that year (Table.17)

One uncertainty in the landings history was theknfiod fishery beginning in
the middle part of the century when a shortagedfmeat during WWII caused an
increase in the use of marine fish as food for nfamkns. Over the period 1950-1956,
marine fish landed for mink food in Oregon increh&ether; 1953-1956 English sole
landings for mink food in Oregon were estimateteédetween 308,000 Ibs and 759,000
Ibs (Jones and Harry, 1960). However, these questio not correspond well with those
reported by Smith (1956) or by the Oregon Fish Cassion (1967) and were not
directly included in the assessment. Publishedneséis of length frequency distributions
from the mink food landings indicate that all sizé€nglish sole were being retained,
and as a result of the concerns over exploitatisnall fish Oregon prohibited the
landing of Dover, English or petrale sole less th&annches in 1958 (Jones and Harry
1960). A thorough analysis of the landings andefigicharacteristics associated with the
mink food fishery in this time-period could not @empleted for inclusion in this
assessment, but would be a useful area for fuasesarch.

English sole have been discarded in large numbessighout the history of the
trawl fishery in the United States. In the earlylifdenia fishery, “there is no question
that the greatest waste is of small, immature pdumosed sole, for this species is by far
the most abundant of any species taken by theonetsost of the grounds” (Scofield,
1948). The fishery was primarily targeting flaltfiand it was estimated that 20-25% of
the total catch was discarded as unmarketable i€3¢01948). The first quantitative
estimates of discard fraction available were ctdlddrom Hecata bank to Northern
Washington by Herrman and Harry (1963), based tah of 41 trips sampled during
the years 1950-1961. The total observed discadién from these trips was 24.78%,
with year specific estimates ranging from 0.093[%0 0.510 (1959); Table 19
includes annual estimates and sample sizes. A roeat estimate of the English sole
discard fraction was derived from the Pikitch stadynducted in 1985-1988. This value
was 26.61% based on 409 hauls sampled. An eston&&3% English sole discard by
weight is available from the Enhanced Data Colet®roject (EDCP) conducted from
1995-1999 (Sampson, 2002), however it was notddliae data may not have been
representative of the fleet at large, and verydéwhe tows observed during this program
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occurred at depths less than 50 fa, where Engtihdiscard would be the highest. The
NMFS West Coast Groundfish Observer Program (WCG®&Jides both a discard
fraction as well as estimates of the average idda&i weight in the discard stratified by
depth and INPFC area. Estimates of discard rewes 2001-2003 for the northern and
southern areas are given in table 20. These ratged from 25.2-51.6%. Data from
2004 were not available, because expanded logheeies not yet available at the time of
this assessment. Recent estimates of English saarding from the Canadian fishery,
22.75%, appear to be quite similar to those obskeirvéhe U.S. fishery (Kate Rutherford,
pers. comm. 18 October, 2004, Science Branch, iP&sigion, Fisheries and Oceans,
Canada, Pacific Biological Station, Naniamo, B\RT 6N7, Canada). Less than one-
half of one percent of these discarded fish weeatifled as marketable, indicating that
discarding is primarily a function of fish sizetime Canadian fishery.

Discarding of English sole has been primarily acfion of fish size over the
history of the fishery. Retention sizes for humansumption have varied over space and
time, but have consistently been 25 cm and gré@lestrheim, 1955), which is
approximately the size at which it becomes worttsvta filet a shallow-bodied flatfish.
Quantitative estimates of retention-at-length weneduced from the Pikitch study 1985-
1987. These data on retention by length show & tleeease in retention between 21 and
33 cm based on 1,100 individual fish whose fate ngaerded (Table 21, Figure 16).
These data were fitted externally, using a logigtiction with parameters: inflection
(B1) = 27.077 and slope (B2) = 1.424; the asymp{B8 was assumed to be equal to
1.0. These data were also included in the modellesgth frequency distribution for
discarded individuals in 1986.

Although it may be possible in the future, no agpéeto create a commercial
CPUE series was undertaken for this assessmeis.chibice was based on the
availability of a reliable fishery independent maa&sof relative population abundance
from the triennial survey. The trawl fishery langéwere not divided into seasons,
although a seasonal pattern showing increased déptaximum catch during the winter
season has been shown (Hewitt, 1980). For Englileh this pattern is not as pronounced
as that observed in petrale or Dover sole and #@gnitude of change in depth (~20 fa) is
much less.

Biological information from the commercial fishemas extracted from both the
PacFIN system and from CalCOM (CalCOM data, exédhan 25 August 2005 covered
only the years 1966-1985 which were not availalmeugh PacFIN). These data included
the sex-specific length frequency and age-frequef@&nglish sole in the commercial
catch. Each of these sources were analyzed bastheé sampling protocols used to
collect them, and expanded to estimate the correlpg statistic from the entire landed
catch for each stock in each year that samplingroed. This process can be generalized
as follows:

1) Extract biological observations and stratifylb\°FC area.

2) Count the lengths (or ages) in each size (aigegrm for each sex within each

trip as the ‘raw’ frequency data.

3) Expand the raw frequencies to the trip leveddoount for the landings of each

trip.

4) Sum frequencies within INPFC strata.

5) Expand the summed frequencies to account fototlad strata landings

6) Calculate the sample sizes (number of fish amdber of samples) and

normalize to proportions that sum to unity overhbegxes within each year.
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Samples from CalCOM were available exclusivelytfer Conception and
Monterey areas. Only those CalCOM samples fromiteysdof mixed size (unsorted)
were considered, as there was no estimate of ldi@veeabundance of the size categories
in sorted catches collected. To complete stepe3tatal landing weight was divided by
the total weight of all clusters sampled from tlaaiding to compute a multiplicative
expansion factor for the observed raw length freqies of the sample. Where the total
weight of the landing was missing, the median weajltandings was used. If the weight
of the clusters was missing, the median total weadlelusters from other samples that
produced the same (or up to two individuals fevmernber of sample lengths was used.
Expansion factors ranged from 1 to 505 in Califarni he expanded lengths (N at each
length times the expansion factor for the sampkxevthen summed within INPFC areas.
The number of samples, total sampled landings {)ramd the actual number of fish
lengths by year, INPFC and sex are reported inécab2-24. The expanded and summed
lengths in each INPFC area were then expanded hgaéd on the ratio of total to total
sampled landings to total landings in each INPF&aarThese INPFC-expanded lengths
were then summed over INPFC areas within the tackstand normalized so that the
sum over all lengths and both sexes in a single wea equal to one (Table 25).

A similar process was used for samples from CalilgrOregon and Washington,
obtained from the PacFIN system, however, the sgrgeand expansion differed
slightly. In Oregon, only those samples that wemrikected randomly and classified as
market samples were considered. The expansiondsmin sample to the corresponding
total landing weight was again the ratio of thektdnded weight of the species in a trip
divided by the total weight of all clusters in theemple from that trip. The expanded
weight provided by ODFW as an improved estimattheftotal weight of each landing
was used where available. If this value was abseatotal landing weight was used. In
many cases, there was no estimated sample wetgatpredicted weight of the sample
was computed by applying the length-weight relatiop used in the assessment to each
length in the sample, then summing these weiglhteh expansion factor was computed
and anomalies created by very small samples of laege landings were avoided by
limiting the expansion factor to a maximum of 5@&$ than 20 samples for Oregon,
Washington and California combined). There wereth@r changes to the expansion
process as performed with the CalCOM data. The eumbfish, samples, total sampled
landings and expanded length frequencies are suizedan Tables 22-25.

Both otoliths and interopercular bones have beed as age structures for
English sole. Poor agreement between readersdessdited as a reason not to use
otoliths, with historical estimates of 75% agreetraam 93% agreement for otoliths and
interopercula respectively (Palmen, 1956). Age egent from otolith reads appears to
decrease with increasing fish age (Van Cleve arffldyed, 1969, Table 26), and otoliths
appeared to become increasingly biased from agevaral relative to the interopercula
(Palmen, 1956, Figure 17 and Tables 27-28). Inen@ypar readings, although they have
not been formally validated, appear to represeatsonable proxy for true age and are
the sole source of age information used in thisgssent. Independent studies reported
in Palmen (1956), Van Cleve and El Sayed (196@)1893 assessment and in a number
of duplicate age-readings (one fish, 2-3 readeosh \Washington state (available from
PacFIN) provide reader agreement based on interolerageing (Tables 29-31, Figure
18). Age agreement appears to be nearly exacgts @ and 1, but not ages 2+ where the
standard deviation of between reader agreemergases with increasing age. Linear and
non-linear models were fit to these data (weiglgthe number of age structures at
each age), and the best predictions, based on &g, resulted from a model where
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between reader standard deviation increased frommateage 1 as a function of the log of
age (Figure 19). This fitted relationship was usethe assessment model.

Because small English sole (< 25 cm) are not gépdaaded, the estimated
length-at-age of young English sole is highly pesly biased in commercial samples;
i.e. only the fastest growing fish would be obsdrfrem the younger ages. Any bias
would be a function of the selectivity of the fisgigear, which is estimated internal to
the model. All commercial age frequency data whkesdfore compiled as conditional
age-frequency-at-length bin within each stock aearyTables 32-34 give age sampling
statistics and Table 35 and Figures 20-27 give samyigge-at-length bin information

A limited quantity of historical biological informian from the commercial
fishery during the years 1948-1965 was publishddamory and Bailey (1967). Length
frequency and age-length data were collected froeg@ and Washington early port
sampling programs. Temporal and spatial distrimstiof sampling are reported in tables
36 and 37. These data were published in a summndaiozeat, but both conditional age-
at-length distributions and length frequency dmitions were formatted for inclusion
into this assessment. The actual number of tripgogad was not reported, so each was
assumed to be the minimum number of 50 fish sangassible to produce the observed
length or age distributions. Because data weyerted by PMFC area and no relative
weights were given, observations from each area weated as independent replicates
for that year. Table 38 and Figures 24-25 repgwtléngth frequency information
included. Some evidence of serial depletion agishery progressed to the north can be
seen in the length frequency information: the nsmetherly areas (2C, 2D) tend to have
fewer of the largest fish than those areas fartbeth (3A, 3B) in the late 1940s and early
1950s. It should also be noted that one tableif2je original publication was
mislabeled with regard to species and was therefeeckided. The age-at-length
observations are summarized in Table 39 and Fig26€%7.

2.3 History of modeling approaches used for ttoslst

The English sole stock off Washington and Oregos last assessed in 1993, by
Dr. D. Sampson. This assessment covered the ameaifie Oregon-California border to
the Canadian border. Only female English sole werieded in a model for the years
1977-1993. The primary data sources used wergigmnial shelf survey estimates of
biomass (index calculated in numbers of fish), dn@dODFW resource survey from the
mid-1970s. No CPUE data were included, becausastfelt that catch rates of English
sole could be heavily influenced by factors otlantthe abundance of the species in
areas exploited by the trawl fishery. The stocknfibto be increasing, but the suite of
reference points required for current managemestneareported.

Prior to the 1993 assessment, the English sol& stadbe INPFC Columbia and
U.S. Vancouver areas was assessed via Virtual RapulAnalysis (Golden et al., 1986).
This model covered only the years 1966 to 1983lydamic pool model was used to get
an estimate of MSY based on the recruitments prexdiby the cohort analysis. Many
previous studies using cohort analysis and CPUtissta have been conducted, although
the author is not aware of a previous assessmeheaouthern portion of the English
sole population. Of note from these analyses waisthiey identified a very large year
class in 1961 (Hayman et al., 1980).

The current model has a much wider geographic emgparal scope than any of
the previous analyses. Other fundamental chamge®deling approach include the
addition of male English sole data from both thevey and fishery, the use of length
based selectivity, maturity and the estimationrofigh parameters within the assessment
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model. Based on the magnitude of these changethariane period elapsed since the
last assessment no formal comparisons are performed

2.4 Model description

This assessment used the Stock Synthesis 2 modelmgwork written by Dr.
Richard Methot at the NWFSC. Development of theckiSynthesis 2 code was ongoing
during preparation of this assessment, and regsiibg) three versions (1.16, 1.18 and
1.19) are reported in this document. Preliminarglgses and some of the sensitivity
testing were performed using version 1.16. The locase model, and all analyses
performed during the STAR panel used version 1B&cause only a small change was
made in version 1.19, wherever the results may baea influenced by this change
revised model runs were performed and reporteccuPentation of each version that
fully describes the SS2 model framework and impnoets made is available (Methot,
2005).

A number of general model specifications provideaanework for this
assessment. The English sole population is asstortegla single stock, but spatial
considerations are addressed through separatidataffrom northern and southern areas.
The model includes males and females as separas seboth the underlying dynamics
and in all data sources where this was possible.atlsumulator age for the internal
dynamics of the population model was set to 30wed| above the asymptote for growth
and the oldest age observations in the data. Téwes yxplicitly modeled were 1876-
2004. Because of the extensive reconstructioneohistorical landings and discard
series, initial population conditions were assurieebe in equilibrium at the first year of
the model. No initial fishing mortality was estited and the spawning biomass was
assumed equal to,& in 1876.

The assessment model includes four fleets: two cential fisheries, north and
south, and two triennial survey series, split asame geographic boundary. The
surveys are assumed to occur instantaneously atititde of July throughout the time-
series. Selectivity is assumed to be length basedllffleets, and to have a logistic
shape. For the surveys, an ascending slope amdtiofth as well as the length at peak
selectivity are freely estimated. The commerdegts are assumed to have the same
selectivity, with an ascending inflection and peelectivity estimated. Size selective
retention is explicitly modeled throughout the tisexies, requiring a retention curve
(logistic) for the commercial fishing fleets. THege of this curve is externally
estimated, but the inflection is estimated sepfrébe each fleet.

For the base case model, natural mortality is asdubmbe age and time
independent and equal to 0.26. The stock-recraitfiogction was a Beverton-Holt
parameterization, with the log of mean unexploitectuitment estimated, along with the
steepnesdf of the stock recruit function. Year-specific ngtment deviations are
estimated from 1877 to 2004 (see discussion ofrtaiogy below). The constraint and
bias correction standard deviati®igma, is treated as a fixed input quantity in SS2. A
value of 0.36 was arrived at by fitting the basgecaodel, externally calculating the root
mean squared error (RMSE) of the predicted recaritrdeviations over the time period
in which they were variable (~1940+) and compatfrg value to the inputigmak.

These values converged to 0.36 after a small nuofigerations, although the RMSE
varied slightly depending on exactly which yearsemesed to calculate it. This exercise
ensured that the approximate bias-correction teomldvbe appropriate and internally
consistent for the variability in predicted recnugnt actually estimated in the model.
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Maturity of female English sole is assumed to lggskic in shape and a function
of length. To accommodate the large observed chbaetygeen the study of Harry (1956)
and the more recent work by Sampson and Al-JuaB®@9) a series of fixed blocks were
used to transition from a length at 50% maturity@bfcm in 1955 to 23.3 cm in 1995.
This change was modeled as a step function, witlalezhange over the periods 1961-
1970, 1971-1980, 1981-1990 and 1991-2004. Fecurgd@gsumed to be a function only
of mass.

Individual growth is modeled via the von Bertalgngfowth equation. Length at
age 2 is assumed to be equal for females and nmaleseparate von Bertalanffy K and
length-at-age-20 parameters are estimated for rakk$emales. It is assumed that the
variability in length of individuals at each agetlre population increases with increasing
age through use of a constant (but estimated) €¥doh sex. There is evidence from
Canadian waters that English sole may show markditfrent growth patterns over
time (Fargo and Kronlund, 2000). Given the largengje in maturity schedules, it was
deemed appropriate to allow for potential changegowth over the time series of the
model. Therefore, the base case model allowed growdiffer between blocks of time,
based on freely estimating the K parameter fofahewing blocks: 1876-1960, 1961-
1970, 1971-1980, 1981-1990 and 1991-2004.

Sample sizes used in this assessment are the noifrtips sampled for
commercial samples or the number of tows sampleduvey length and age
frequencies. Preliminary model runs explored tbgrele to which the standard design
based estimates for the variance of the trienoialey index of relative abundance was
reasonable in the context of the assessment mbleimodel was unable to reproduce
the variability observed in the survey under anyditions explored, so the input
variance estimates were doubled in order to bhegriput and root mean-squared error
estimates closer together. All emphasis factomlftéas) for each likelihood component
are set equal to 1.0 for all data sources. Tablkes@all estimated model parameters for
the base case.

2.5 Priors

Noninformative priors were desired for most modmigmeters. Although the
choice of truly noninformative priors can be ditfitgiven between-parameter
correlations (Gelman et al., 1995), a diffuse ndpn@r with the mean in the plausible
range of the parameter and SD = 50 was used thoomghll parameters were bounded,
but bounds were selected to be sufficiently widavoid truncating the searching
procedure during maximum likelihood estimation. [a40 gives the bounds and
noninformative prior distributions used for all iesited model parameters in the base
case.

Informative priors for both steepne$g é&nd natural mortality were developed for
use in this assessment. The steepness prior \sad ba the reported quantiles for
steepness for 14 stocks within the family Pleurtidae (Myers et al., 1999) and two
distributions were constructed. A Beta distribotwith mean = 0.788 and SD = 0.075,
and a normal distribution with mean = 0.789 and=-SI098 (truncated at 1.0) could
approximate the reported interval. These densiilesig with a noninformative prior,
normally distributed with mean = 0.6 and SD = 5Qrftated between 0.2 and 1.0) are
plotted in Figure 28.

The informative prior on natural mortality was dexd based on the analysis of
Gunderson and Dygert (1988) showing that gonadxifite ratio of gonad to somatic
wet weight) was a reasonably good predictor fourstmortality across a range of
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species. The reported linear regression coeffisieere assumed to have a CV of 0.3,
because error estimates were not reported. Fromaiatistributions about these
coefficients, 100,000 linear regressions were edgadnd the prediction of expected
natural mortality for English sole (based on aamii distribution over the reported
gonad index range for English sole, 16.6-19) wésutated. The resulting
approximately normal distribution with mean = 0.33® = 0.091 and a reference prior,
normally distributed with mean 0.25 and SD = 50@o¢ted in Figure 29. Only 1% of
the population would reach the age of 14 with airstmortality rate of 0.329, although
fish of this age are frequently encountered inEhglish sole fishery. It should be noted
that because English sole were part of the datapset which the regression was
estimated there is likely some ‘information contaation’ of the prior with information
in other parts of this assessment. Perhaps mffieutlito reconcile is that the value for
English sole natural mortality assumed in the aaganalysis (0.26) was well below that
predicted by the regression. These concerns weesaired and the approach is
presented for comparative purposes only.

After preliminary model exploration natural mortghvas assumed to be
inestimable in the context of this assessment, ainan informative prior, and was set
at the value used in the last assessment, 0.26.clibice was evaluated through
sensitivity testing as described below. Steepmessfound to be estimable and
reasonably well-behaved in this assessment andftrenative prior developed above
was not used in the base case model.

2.6 Model selection and evaluation

An effort was made to explore many levels of mambehplexity in order to
achieve a model that reflected parsimony in theb®emof estimated parameters relative
to the available data, while attempting to represies underlying population dynamics as
realistically as possible. Many preliminary modeksre fit to data and evaluated based
on residual patterns, plausibility of estimated elgzhrameters and convergence criteria.
Only a subset of these models is retained for Beibgianalysis (Section 2.8 below), but
the base case model reflects the best aspectefomthese exploratory analyses.

The large quantity of conditional age-at-lengthedadm the commercial fleets
(579 year, sex and length bin specific frequengiesyided much flexibility in modeling
the growth curves for female and male English sefgarately. However, the assumption
of constant CV in the distribution of lengths aeagas necessitated by very few ages for
older English sole (> 15 yrs). Changes in growtérdime could be modeled in many
different ways in the context of this assessmétreliminary runs explored using a
‘random walk’ approach to growth, but revealed thi approach might be over-
parameterized based on the small number of agkestmal in many years. Since the step
function approach was used for maturity it seenm@giponious to allow growth to vary
in the same block design. Early model runs allovihmglength at age 20 to vary
produced similar results to blocking the K paramdiat it seemed more reasonable to
assume that the realized rate of growth dictatefbbg availability, temperature, currents
etc. might be more likely to vary than the the@atmaximum size. Table 41 gives
estimates and asymptotic standard deviations fgraith parameters. The fixed change
in maturity and the corresponding estimated chamgesn Bertalanffy K are shown in
Figures 30 and 31. When considered together dyeseth parameters produce very
reasonable growth trajectories for the underlyingydation, showing the strongly
sexually dimorphic growth pattern present for Estgkole. Both sexes grow rapidly, and
show a large amount of variability about the meajectory with females achieving a
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maximum length of just under 40 cm and males jusieu 24 cm (Figure 32 shows the
growth curves for 2005). Fits to conditional agdeagth bin observations are not shown
graphically due to the large number of figures mekdbut the model appeared to track
the distribution of age at length in the observatiquite well and this resulted in the
observed and calculated effective sample sizethése observations showing reasonable
correspondence for both sexes in the southern @mbdemn commercial data (Figure 33).

The fit to the 1995 survey age-at-length bin dasa generally poor, showing the
model predicting a younger age distribution fomaeg length than was observed in the
data; this lack of fit is also evident in the compan of observed and calculated effective
sample sizes and Pearson residuals (Figure 34).

Estimated selectivity and retention curves for libthcommercial and survey
fleets are shown in Figure 35. The shape of thasees appears quite reasonable. Small
English sole less than 15 cm are not heavily sedeby any fleet as most will be in or
near the estuaries until this size. Selectivitygoglish sole between 15 and 25 cm is
much higher for the survey fleets reflecting thea#mmesh trawls used. The model fits to
the length frequency distributions for both of thevey fleets show reasonable
predictions given the observed data (Figures 363&0d A comparison of observed and
calculated effective sample size for the survegtlerrequencies show no clear
relationship, but generally commensurate valuel thie¢ model fitting slightly better
than the input values would suggest (Figure 38).cNar lack-of-fit or pattern is
apparent in the Pearson residuals for the northeney (Figure 39). The southern
survey does not appear to fit the data quite ak amd from 1998-2004 the model
predicts more large males than observed in the d@¢arson residual plots for the
southern survey length frequencies are shown iargigO.

The model was able to capture the general treticeimorthern and southern
survey indices of relative abundance, but not g#grek of interannual variation seen in
the data (Figure 41). In addition, no model expdbduring this analysis was able to
produce the very low index observed in 1980 in béhnorth and the south. It seems
likely that either net mensuration could not be it@yed as well as in more recent
surveys or some other unknown factor influencedteiility in that year. The estimated
catchability Q) was about one third as large for the southervmeguas the northern
survey (Table 42). This may be because more olthiow (< 55m) habitat that is not
covered by the triennial survey is utilized by Eslglsole in southern waters or because
there is relatively more suitable habitat in shallwater in the south.

The commercial fishery length frequencies from lbthnorthern and southern
fleets appeared to fit the data somewhat better élkpected given the relationship
between the relative observed and calculated ezgesatimple sizes (Figure 42). Due to
the smaller samples sizes the observed lengthdrexgs from the southern commercial
fleet were irregular in some years and the sew,ratost evident in the lack of fit to the
male frequencies, was quite variable (Figures 4R48). Due to this variability no clear
patterns are visible in the Pearson residualshi®ntales or females from the southern
fleet (Figures 44 and 45).

The northern commercial fleet had far more lengtlqdiency data than the
southern fleet. The model was able to adequatelyigt length frequencies for many
years that closely matched those in the observied(Baures 46 and 47). Duplicate
observations are plotted for the historical lerfigéiguency data 1949-1965; although the
sample sizes are small, there appear to be maye fish than the model predicts. This
may be due to the fleet expanding northward andbéipm new areas with a size-
structure that does not reflect the long historfigifing activity which the model
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assumes should apply to the entire population.refaee also two curves plotted in the
female fits for 1986. These are the length fregieanfrom the discarded fraction of the
commercial catch sampled by the Pikitch study;caith plotted with the females, both
the model predictions and observed data are f@sseambined. The model predictions
appear to be shifted toward larger fish, howeverfitho these data reflect a trade-off in
retention and selectivity operating throughoutrtfwdel. It does not seem surprising that
retention of smaller English sole might have bessatpr during a short voluntary
observer program than on average for the entire period modeled. In recent years,
especially since 1980 model predictions of 35+ emdles are larger than observed
frequencies. This is most obvious in the Pearssiual plots (Figure 48). This lack of
fit was the subject of much exploration during pn@hary versions of this assessment.
Early model fits showed a much more pronouncecepathat was improved with the
addition of time-varying growth. Subsequently, deseof alternate models allowing
dome-shaped selectivity, time-varying dome-shadettvity, time-varying selectivity
inflection were fit in an effort to understand wihys pattern might be generated and
whether it could be easily explained.

The conclusion of this analysis was that theseluads were not a result of the
model being too rigid to fit to these points, bbitlee trade-off between the fits to males
and females. During this time period there arefémomales in the retained (and
sampled) catch (Figures 47 and 48). If selectisitijits toward smaller fish, improving
the residuals for females, the lack of fit to thiesing males becomes even more
pronounced. The model can improve the fit to #radle length frequencies or the male
length frequencies, but cannot do both simultangouByo potential explanations seem
plausible: growth or selectivity may have chang#tiently for males and females over
time. With relatively few males in the catches ikisot easily resolved and models
attempting to split selectivity between males agmdles proved unstable given current
data. A third explanation, that males could be ureggesented in the port samples, was
also explored, however no conclusive evidence isfdbuld be found in the data
available from PacFIN. This appears to be an arefufure assessments to explore as
time permits.

The discard fraction and mean individual weighthie discard observations from
both the southern and northern fleets were fiteqwitll by model predictions (Figure 49)
and the assumed CVs appeared to be appropriatepallcity of discard observations
throughout much of the time series precluded maogemealistic alternate models such
as time-varying retention, separate retention &égtfand allowing for non-size based
discarding.

In aggregate, the base case model seemed todmmgiarized enough to fit to
observed data, while still maintaining reasonalaleameter values and parsimonious
explanations for the underlying model processes.fiFt column of Table 43 provides a
full list of maximum likelihood estimates for allodel parameters in the base case
model.

Convergence of the base case model was assessetbfhe STAR panel using
SS2 version 1.16. Multiple model runs exploreddhgity of the model to recover the
similar maximum likelihood estimates when initigizfrom dispersed starting values. A
set of 25 convergence tests was performed whersaalel parameters were jittered by
1% of the range of the bounds (quite large for maamameters) from the maximum
likelihood values. Minimization often started wighormous crash penalties and/or an
objective function value that was many orders ofjnitaide away from the minimum.
Each test was run to completion, except that inestests starting values were so extreme
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that some part of the likelihood became undefinetirminimization was terminated by
ADMB. For all completed tests the Hessian matris\pasitive definite. The result of
this testing shows minor variability in the objeetifunction and current depletion for all
completed runs (Table 44), indicating that the lz@s® model estimates are unlikely to
represent a local minima in the multivariate likelbd space.

2.7 Base-run results

The base case model predicts a population trajeo English sole showing
rapid exploitation to target spawning biomass Ieacurring by the early 1930s,
variable population size through the mid 1990s, anapid increase in biomass in recent
years (Figure 50 and Table 45). The lowest levefpawning biomass have occurred
following periods of below average recruitmenthie t1940s and 1980s, but very large
recruitments were estimated in 1961 and 1999 (Ei§d). There is little evidence for a
strong stock-recruitment relationship, with soméehef largest recruitments occurring at
moderate levels of spawning biomass (Figure 52lative depletion level at the
beginning of 2005 was found to be 91.5% (~ 95%idemnice interval: 64.5-118.4%) of
the unexploited level, with a spawning biomassB839 mt (23,480-39,278).

Total catches from both commercial fleets haventzedstantially larger than
landings, and the absolute volume of discards kas bs large as 1,665 mt in 1987
(Figures 53 and 54). The estimated discard fradiipweight has increased over the
time series due to changes in relative abundansenall fish and changes growth (Figure
55). Current (2004) total catches were estimatdabth, 341 mt, of which 950 mt was
landed.

2.8 Uncertainty and sensitivity analysis

The primary method of assessing uncertainty indegessment was through the
use of asymptotic variance estimates for modelrpaters and derived quantities of
interest. Asymptotic variance estimates for spagitilomass and recruitments were
quite wide, indicating a large amount of uncertaneigarding current population status
(Figure 56 and Table 46).

It is common for assessment models to have ditfjeedtimating the most recent
year class strengths. In this assessment, the i lass is the largest in the time-
series. Although the data sources indicate thisaMasge year class, there are no age data
in the model after 2000, so the magnitude is aromamt source of uncertainty in this
assessment. Exploratory analysis conducted by s&glig deleting various data sources
indicated that a large 1999 recruitment was inéddtty multiple sources, not only the
increase in 2004 survey biomass (See sensitivityosefor effect of 2004 survey data on
model estimates). Reliable estimation of this y#ass should improve in future
assessments, but due to rapid population growdls rétte most recent recruitments will
remain poorly defined without age frequency davanfthe survey which captures more
of the smallest English sole than the commerogstf.

Many preliminary alternate models were run in ofideassess the sensitivity of
the assessment results to the specific model amatigpn used in the base case. These
sensitivities used SS2 version 1.16, and althobhghesults are not directly comparable
to the base case model presented in this assessnmgneasonable to assume that the
qualitative conclusions gained from this exercisedill relevant to the updated base
case assessment model. The following alternate iaaze considered:

a) ‘Low’ historical catch scenario, 1876-1915

b) ‘High’ historical catch scenario, 1876-1915
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c) Natural mortality increased to 0.30

d) Natural mortality decreased to 0.22

e) Remove the 2004 triennial shelf survey data

f) Quadruple survey CVs and decrease survey age-gthlsample sizes by 0.5
g) Force growth and maturity (use 1995 estimate) torbe-invariant

h) Fix retention at externally estimated slope antkation

i) Force selectivity to be time-invariant (no blocks)

Table 47 reports parameter estimates and sumnatistists for each preliminary
sensitivity run. In aggregate these sensitivitteBdate that modeled population trends
using the earlier SS2 version were quite robustteynate model assumptions.

The first two sensitivity runs (a and b) were irted to determine whether the
extrapolated landings prior to 1916 had a largectfdn the assessment model results.
Very little change in parameter estimates or Itketid components was noted in either
case. This is not surprising since even the highacgo did not predict landings as large
as those observed during the subsequent 60 ydad fieym which, presumably, the
information regarding sustainable exploitation leve this model is derived.

The second two sensitivity runs (c and d) wereniéel to explore the effect of
assuming natural mortality was equal to 0.26 inb&ge case. As might be expected,
increasing natural mortality to 0.30 implied thae {population was more productive and
the opposite was true for a reduction in naturattatity to 0.22. The model including the
larger natural mortality value fit the data betteased on the total negative log likelihood
value, with most of the improvement coming from #ge frequency data.

The removal of the triennial survey data from 2Q€&hsitivity e) resulted in a
decrease in the estimate of unexploited spawnioignéss and an increase in current
depletion level. This may be due to the changestimated catchability in the north, but
it is apparent that the recent trend of increaspewning biomass is not merely a
function of the large index point at the end o$ttine series. When the standard
deviations of the survey biomass index were qudddupnd the sample sizes for the
survey age-at-length observations cut in half (¢eitg f) the current depletion level
went down to 66.6%, but the general stock trajgotiat not change appreciably. No
substantial improvement in fit to the other likeldd components was noted, indicating
that there did not appear to be substantial coistiay information obscured by these
variance assumptions.

Because the change in maturity and growth parasetar time has the potential
to alter biological reference points, one altermatalel with no change in these
parameters was considered (sensitivity g). Theevidulength at 50% maturity estimated
in 1995 was assumed to apply throughout the timesseand no temporal blocks were
estimated for the K parameter. This sensitivity itlustrates a potential trade-off in
response to fishing pressure between change ihisiftery parameters and the steepness
of the stock-recruit function. Estimated steepmeshis alternative dropped to 0.58,
which, coupled with a larger unexploited stockuiesl in a similar population
trajectory. It should be noted that this altermatedel fit both the length and age data
quite poorly in comparison to the base case.

With limited data on the discarded fraction of twenmercial catch, it seemed
important explore the ability of the model to esttethe retention curve internally.
Without knowing what the true average retentiorvewas over the time period modeled
(it has certainly varied over time), the estimatadse from the Pikitch study was fixed
for an alternate model assumption (sensitivityTtis model fit the age data slightly
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better, but the fits to the discard and length eatee degraded. It was clear from this
exercise that if it was desirable to produce aaealsle fit to the available observer data,
some flexibility was needed in the retention paremse
The implications of allowing fishery selectivity thhange over time, and between
fleets, were explored in the final sensitivity r{iya With no blocks for the peak
selectivity, this model showed a degraded fit ®ldéngth frequency data, but did not
change the perceived population trend. Sparseoditiae discarded fraction of the catch
and for the landed catch during certain time peri@sults in the need for the modeled
patterns of fishery selectivity and retention tar&atively simple in the current
assessment, likely underestimating the uncertaintye population dynamics.
Prior to the STAR panel and during the review, mber of new alternate models
were compared to judge the sensitivity of the lzase results:
1) ‘High'’ historical catch scenario, 1916-1955
2) Aggregating the northern and southern survey seriesa single coast-
wide survey
3) Constrain the 1999 and subsequent recruitments ttolser to the
deterministic expectation from the stock-recruliatienship
4) Constrain the 1998 and subsequent recruitments tdolser to the
deterministic expectation from the stock-recrulatienship
5) Use only the historical maturity ogive for the eatiime-series
6) Use only the recent maturity ogive for the entineetseries
Table 43 reports the results of these sensitiviglyses, which used SS2 version
1.18 and are directly comparable with the base mdts (first column of the table).
Given the uncertainty in reconstructed historieadings, the STAR panel
recommended a sensitivity run (1) increasing thdilegs by 50% during the most
uncertain period with large landings. Figure 5@ve# this revised landings series, which
resulted in a slightly larger estimate of unexg@dispawning biomass level (Table 43) in
order to accommodate the larger removals. Defpgealifference to the base case, this
sensitivity run converged to a very similar timeisg in recent years, and still resulted in
a current stock size much larger than the target.le
To explore the effect of separating the survey ddtaa southern and a northern
component, the STAR panel recommended a run wigualey data (indices of
abundance and length frequencies) aggregatedmetc@ast-wide series. This
sensitivity run resulted in a very similar reswlithe base case, with the exception that the
current stock size was estimated to be slightlydarn relation to unexploited conditions.
The likelihood components, by fishing fleet andveyrarea from the base case and this
sensitivity run are reported for comparison in Eaf8.
Because there were no age data available after, #3®@odel’s ability to
reliably estimate the 1999 and subsequent yeasadas somewhat uncertain. For this
reason, two sensitivity runs exploring the chamgeodel results under increasing
constraint on recent recruitments were exploreghsHvity runs three and four reflect an
emphasis value of four constraining recent recreiitis to be closer to the stock-recruit
curve than the data would otherwise indicate. Beiimsitivity runs resulted in a
reduction in current biomass, but still produce@28pawning biomass estimates within
the 95% confidence interval for the base case m@dglre 58; see decision table
analysis for further use of these results).
The change in maturity modeled in the base casegelabthe underlying
productivity of the English sole stock by allowiggunger fish to contribute more to the
spawning biomass in recent years. Because thiggeharbased on only two studies and
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is relatively important in calculating referencare and current stock status, two
alternate model runs forcing the model to use tmyhistorical or the recent estimate of
the maturity schedule were performed. These a@terruns showed a qualitatively
similar time-series, but use of only the historicadturity estimate produced a much
lower current stock size relative to the unexpbbievel (Figure 59).

A preliminary retrospective analysis was perforrasohg SS2 version 1.16, by
moving the terminal year of the model backwardBnme in one year increments from
2003-2000. Although these results are not diremtiyparable to the base case reported
here, the same data were used and a similar pattarid be predicted from the updated
model. Figure 60 shows the time-series of spawhiomass and the slight downward
pattern in the retrospective fits for the earlytpdrthe time series. The large increase at
the end of the 2000 retrospective model is attetdudb an unreasonably large estimate of
the 1996 year class strength, which had little tang on it with no data included in the
model after 2000. The retrospective fits fell rblygwithin the confidence interval from
the base case model, over most of the time perid@ating that there was no substantial
change in conclusion attributable to the most refmemr years of data included in the
model.

A Bayesian version of this assessment, obtainedugir integration of the joint
posterior distribution of all model parameters waglored through Markov Chain Monte
Carlo simulation. However, this effort was res&e by the computationally intensive
nature of this model, including extensive use afdiional age frequency distributions
by length, sex and year. Because of the time requo obtain a sufficient sample from a
converged stationary posterior distribution, it was possible to complete the Bayesian
analysis for this assessment. This should be andrteirther effort for this assessment in
the future.

3. Additional STAR panel recommendations

During the review (April 18-22, 2005) the STAR phneade a number of
recommendations that improved this assessmentlarified selected results and
analyses. Specifically, understanding of the base enodel was improved through
comparing the change in growth, fishery selectigibgl maturity over time in a single
figure (Figure 61). This illustrated the increaseatribution of younger fish to the
spawning biomass and the relative availabilityre fishery and survey. Sensitivity
analyses were summarized through a phase-plot,isgdie base case model estimate of
2004 spawning biomass (with confidence intervat) approximate exploitation rate, as
well as the estimates from each alternate modgu(Ei62). The relative abundance of
older English sole and contribution to spawningfmags was explored through
examining the proportion of the stock of age 8-g(if¢ 63). This revealed that the rapid
increase in spawning biomass in recent years dutesapear to be driven by a single
year class, such as the large recruitment estiniate@o9.

The panel recommended a comparison of the basereads results and a trawl
survey conducted by the Oregon Department of FishVaildlife off the coast of Oregon
and Washington during the period from 1971 to 1@@&mory et al., 1976). This survey
had been used for comparison with the absolutelpbpn size in the 1993 assessment
(Sampson, 1993). The approximate biomass in the ia the current assessment was
estimated based on the ratio of the northern suseegs catchability (Q) to the sum of
the catchabilities of both survey series. Thidysis produced close agreement between
the two estimates of abundance in 1974 (Figureasgymes that the approximate CV of

35



total biomass is equal to that of the spawning laissrand that the CV of the ODF&W
survey was 0.2).

The panel also requested a number of exploratalyses during the review that
are not included in this document, but clarifieddfic questions or concerns.

4. Rebuilding parameters
Because the population of English sole in US vgaes not found to be
overfished, no rebuilding parameters are requirechthis assessment.

5. Reference points (biomass and exploitation rate)

Because of temporal changes in growth and matuhigye are two types of
reference points reported in this assessment: thexsed on the assumed population
parameters at the beginning of the modeled timegand those based on the most
recent time period in a ‘forward projection” modecalculation. All strictly biological
reference points (e.g., unexploited spawning bisnase calculated based on the
unexploited conditions at the start of the moddlereas management quantities (MSY,
SBnsy, €tc.) are based on the current growth and mptsehedules and are marked
throughout this document with an asterisk (*).

Unexploited equilibrium English sole spawning bias#.eo) was estimated to
be 34,312 mt (~ 95% confidence interval: 27,179,445), with a mean expected
recruitment of 122,820 thousand age-0 English sh8Y, estimated in the assessment
model, was 4,080* mt (2,416-5,743). This valuedasyclose to the estimated total
average catch from the period of heaviest explonatl917-1991, of 3,764 mt. The
spawning stock biomass expected to produce MS¥datels was 5,696* mt (1-12,102,
the symmetric approximation of the 95% confidemterival included zero and was
therefore rounded up), or 19.1%*Bf., (forward projected). This level of exploitation
was estimated to result in a spawning potentia (EPR) of 23.8%*.

The estimated spawning potential ratio for Engéiete was near the 40% proxy
target for several decades (Figure 65), but hasased in recent years. For the last
decade, SPR has been above both the proxy targétefor flatfish as well as the
estimated MSY level of 23.8%. Figure 66 shows tkad in both SPR relative to the
target and spawning biomass relative toBhgtarget.

6. Harvest projections and decision tables

Forecasts were generated assuming the maximumtdt=ich would be
removed under the 40:10 harvest control rule. A/d#ér average of the relative F
contribution from the southern and northern fleeas used for this projection. This ratio
was 22.4% for the southern fleet to 77.6% for thehern fleet. Very large potential
catches (3-6 times recent average values) aregpeedo be possible over the first five
years of the projection. Table 49 shows 12 yeajeptions under the base case model.

The format and content of the decision table weesalt of extensive discussion
during the STAR panel. The strength of recent ptsses was closely related to current
stock status and was identified as an importantcgoof uncertainty in this assessment;
this “axis of uncertainty” was therefore selectedihclusion in the table. The spawning
biomass estimated from the base case model wag3BiBat the beginning of 2005,
with an approximate 95% confidence interval inahgdihe range of 23,480-39,278 mit.
Due to the relatively large current estimate ofsapiag biomass, it was agreed that two
alternate states of nature reflecting the lowéwtahe distribution from the base case
would be presented. By imposing a large constrairthe recruitments from 1999 to
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2005, the current spawning biomass was reducefl,it@2 mt. Constraining 1998 and
subsequent years to the same degree resultecestiarated 2005 spawning biomass of
23,824 mt. These runs were considered to be “elyliland “least likely”, as they
represented increasing constraint away from the base model. The approximate
probability of each of these states of nature vedsudated from the cumulative
distribution of uncertainty in 2005 spawning biosésr the base case model (Figure 67).
The decision table reports the estimated spawnomdss, relative depletion and catch
for each of these alternate states of nature (TEdle

During the STAR panel, an additional alternatehthree management actions
reported in the decision table, a projection ineghtb approximate the recent ABC of
3,100 mt was discussed. The three year averagsattin between the southern
(Conception and Monterey) and northern (Eurekay@bla, and U.S. Vancouver)
fishery fleets was applied and the retained ca#sfated until the total catch was close to
the 3,100 mt ABC. The iterative step was necedsecguse projection landings had to
be specified in the model and discards are an astoimuantity. The relative catch ratio
used was 0.22:0.78, and the constant retained eats!b10:1,767 mt for the south and
north respectively. These values resulted in d tatiwh averaging 3,089 mt (range:
2,981-3,237 mt) over the period 2005-2016. Resuktsprovided for the base case model
in Table 51; this table would therefore corresptind new row in the first column of the
original decision table (Table 50).

7. Research needs

A number of crucial data sources would substagtiatprove the ability of this
assessment to reliably and precisely model Engliddn population dynamics in the
future. In order of priority (author’s personal pjain):

1) The NWFSC trawl survey is currently collecting dtw for use in ageing
of English sole. A comparison study of otolith antkropercular (used in
this assessment) age reading precision and agré&mald allow use of
survey otoliths and provide a fishery independentce of age
information for this assessment. Because the sug@kegts smaller fish
than the commercial fishery, this would improveraation of both
growth curves and recent year class strengths.

2) Collection of maturity data on an ongoing basisrreurvey or fishery
sources that could be used to track future chaafjesting modeled
spawning stock biomass.

3) This assessment contains little data on the leingtjuency of the
discarded portion of the commercial catch of Efgdéisle. This would be
valuable data to add to the discard fractions amdage individual
weights currently being collected.

4) Despite much effort prior to this assessment, tiseséll uncertainty in
some parts of the historical landings series. palty needed are: 1) a
method for reconstructing landings in Washingtaormo 1956 from U.S.
waters, 2) landings data from Oregon from 1954-1&4d% 3) a thorough
study of the mink food fishery in Oregon and Catifia including
estimates of the total volume and size structuiatfhes associated with
this fishery.
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5) Because the U.S.-Canada border does not appearaaneaningful
biological boundary for the English sole populatiertension of this
assessment to include Canadian waters may be aegésdetter capture
population trends.
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10. Tables

Table 1. Recent commercial landings (mt) of Engtiste for all fishing gears combined
by INPFC area and year (source: PacFIN, 1 Febr2agp).

INPFC area Model area
us South North
Year Conception Monterey Eureka Columbia Vancouver Total Total
1981 208 925 665 723 191 1,133 1,579
1982 148 858 590 941 255 1,006 1,786
1983 57 584 780 691 244 641 1,715
1984 32 497 518 360 314 529 1,192
1985 55 639 407 518 311 694 1,236
1986 52 711 341 648 284 763 1,274
1987 73 674 615 700 409 747 1,724
1988 83 621 411 558 428 704 1,397
1989 65 703 307 690 647 768 1,644
1990 45 667 200 488 512 712 1,199
1991 39 653 135 860 497 693 1,492
1992 21 467 115 701 318 488 1,134
1993 17 378 128 680 398 396 1,206
1994 12 359 115 300 336 371 751
1995 11 400 107 280 327 411 714
1996 11 423 183 353 182 434 718
1997 12 453 283 452 302 466 1,038
1998 5 224 317 329 264 229 910
1999 9 219 216 295 173 227 685
2000 9 172 157 211 200 181 569
2001 29 170 275 335 180 199 791
2002 6 95 293 333 440 102 1,067
2003 3 60 87 262 464 64 813
2004 31 65 210 330 314 96 853

Table 2. Annual coast-wide English sole ABCs (mig aegional components.

Year Conception Monterey Eureka Columbia US Vameou Total
1983 200 900 800 2,000 600 4,500
1984 200 900 800 2,000 600 4,500
1985 - - - - - 1,500
1986 - - - - - 1,500
1987 - - - - - 1,900
1988 - - - - - 1,900
1989 - - - - - 1,900
1990 - - - - - 1,900
1991 - - - - - 1,900
1992 - - - - - 1,900
1993 - - - - - 1,900
1994 1,100 2,000 3,100
1995 1,100 2,000 3,100
1996 1,100 2,000 3,100
1997 1,100 2,000 3,100
1998 1,100 2,000 3,100
1999 1,100 2,000 3,100
2000 1,100 2,000 3,100
2001 1,100 2,000 3,100
2002 1,100 2,000 3,100
2003 1,100 2,000 3,100
2004 1,100 2,000 3,100
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Table 3. Historical and management events relevatfite English sole fishery.

Date Action

Historical events

1876 Commercial trawling begins in San Francisan{i8ld, 1948).

1937 Modern trawling begins in Oregon (Harry andrdém, 1961).

1948 California legislation requires 5-inch trawgésh (Scofield, 1948).

1958 Oregon prohibits the landing of Dover, EnglistiPetrale sole less than 11 inches in lengthefand Harry
1960).
Recent actions — Pacific Fishery Management Council
25 July 1985 The use of “tickler chains”, which @t the sea floor ahead of the rollers in role Bobbin trawls, is
prohibited.

9 May 1992 Increase in the minimum legal cod-endhmgze for roller gear north of Point Arena, Qatifa (40° 30’ N
latitude) from 3.0 inches to 4.5 inches. Use oftdewvalled cod-ends prohibited. Removal of provisio
regarding rollers and tickler chains for roller gedth cod-end mesh smaller than 4.5 inches.

8 September The trawl minimum mesh size applied throughoutrtéie Removal of the legal distinction between butto
1995 and roller trawls and the requirement for contirsiob-lines. Clarified the distinction between loott and
pelagic (mid-water) trawls. Modified chafing geaguirements; changed the term “double-ply mesh” to
“double-bar mesh”.

2000 New limited entry trawl gear restrictionsgeirfootrope defined as larger than 8 inches, sioatifope defined
as equal to or less than 8 inches. English soladed in “all other flatfish” limits, no specificip limit, but
small footrope gear required.

1 May 2000 Limited-entry trawl vessels with largetfopes may land no more than 400 pounds ofdtatither than
Dover sole and rex sole per trip, coast-wide.

1 November Trip limit increased to 1,000 pounds per trip f@ther flatfish” (flatfish without species-specifiip limits,
2000 plus rex sole) taken in the limited entry largetfope trawl fisheries.

2001 Trip limits by region and month: North, JansBebruary, March-April: other flatfish, small foope: no
limit; large footrope: 1,000 pounds per trip. Mayré, July-August, September-October: other flatfshall
footrope: 30,000 pounds per month, large footr@@00 pounds per trip. November-December: small
footrope: no limit, large footrope: 1,000 pounds o. South, all months: other flatfish, smalbfoope: no
limit, large footrope 1,000 pounds per trip.

1 May 2001 Limited entry trawl gear limits for flsh north of 40° 10’ N latitude: May-June, limitdreased to 50,000
pounds per month for all flatfish except Dover sofewhich no more than 15,000 pounds may be mesale
and no more than 10,000 pounds may be arrowtootimdler.

1 July 2001 Limited entry trawl gear limits fortfish north of 40° 10’ N latitude: small footropawl limit decreased to
45,000 pounds per month, the sub-limit for petsale remains at 14,000 pounds per month, the asobtwt
flounder limit is no longer a sub-limit and is clgad to a per trip limit of no more than 7,500 pajnubt to
exceed 30,000 pounds per month.

1 October Limits remain the same for flatfish. During the Mawber-December period, the coast-wide small foetrop
2001 trawl limit for flatfish other than Dover sole, revle, and arrowtooth flounder is 30,000 poundspeanth
and the large footrope trawl limit will remain g0Q0 pounds per trip. The current limited entry kma
footrope trawl limit for yellowtail rockfish takeas bycatch with flatfish north of 40° 10’ N latituis
extended through the November-December periodt &qual to the sum of 33 % (by weight) of all fisitf
except arrowtooth flounder, plus 10% (by weightaobwtooth flounder, not to exceed 7,500 poundgrje
and not to exceed 15,000 pounds per two months.

2002  Trip limits by region and month: North: JaryuBebruary, other flatfish, small footrope: 15,q8funds per
month, March-April 35,000 pounds per month, May€J30,000 pounds per month, no more than 10,000
pounds of which may be petrale sole, July-Augusd@® pounds per month, no more than 15,000 pounds o
which may be petrale sole, September-October 5¢60Ads per month, no more than 20,000 pounds of
which may be petrale sole, November-December 50p00@ds per month. South: January-February, March-
April, other flatfish, small footrope: 70,000 pownper month, no more than 40,000 pounds per moaghoa
species other than Pacific sanddabs, May-June Aligyst, September-October, small footrope required
70,000 pounds per month, no more than 40,000 pquerdsionth may be species other than Pacific sésdda
of the species other than pacific sanddabs, no thare15,000 pounds may be petrale sole, November-
December 70,000 pounds per month, no more tha®@@ounds per month may be species other than
Pacific sanddabs.
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Table 4. Summary of the spatial area fksurveyed by the triennial survey.

Depth strata

Shallow Mid Deep All
Stock INPFC 55-99 m 100-154 m 155-500 m Depths
North US Vancouver 1,026.5 1,912.2 2,165.3 5,104.1
Columbia 6,768.0 7,280.4 9,428.1 23,476.6
Eureka 2,160.5 1,502.6 2,539.2 6,202.3
North Total 9,955.0 10,695.3 14,132.6 34,782.9
South Monterey 4,835.7 4,007.1 3,503.9 12,346.7
Conception 4,328.3 2,686.8 11,789.5 18,804.6
South Total 9,163.9 6,693.9 15293.4 31,151.3

Table 5. Relative biomass estimates (mt) baset@triennial survey 1977-2004. Note that the sudidynot extend shallower than
91 meters in 1977 (*) and that the Conception arasa not sampled in 1980-1986.

Year
Region INPFC Depth 1977* 1980 1983 1986 1989 1992 9951 1998 2001 2004
North US Vanc. 55-99 m 0.00* 593.43 830.36 874.27 ,174.77 643.88 750.32 1,896.11 862.30 4,420.46
US Vanc. 100-154 m 79.24 54.41 319.88 461.95 ©04.6 272.36 520.99 564.71 335.45 353.05
US Vanc. 155-500 m 8.34 59.49 55.75 63.54 174.93 82.3R 21.74 146.39 115.76 196.31
Columbia 55-99 m 1,523.74* 1,566.83 1,549.49 3288 4,476.21 5,589.29 2,805.17 7,112.28 5,315.28 ,581778
Columbia 100-154 m 234.92 315.51 468.52 651.34 221 1,471.09 1,186.38 2,890.97 3,226.48 3,655.57
Columbia 155-500 m 266.12 536.22 525.87 258.52 506 930.19 341.20 514.98 333.65 1,016.82
Eureka 55-99 m 24.60* 361.56 796.78 621.82 423.70245.60 268.19 848.59 1,266.26 6,516.03
Eureka 100-154 m 0.00 20.67 71.28 3.89 122.16 %66.4 20.70 1,090.84 960.78 2,041.91
Eureka 155-500 m 0.46 35.64 33.23 20.73 12.17 3v18. 77.62 247.33 134.55 330.97
North total 2,137.43* 3,543.76 4,651.16 6,254.23 398,31 9,509.60 5,992.32 15,312.20 12,550.52 30012
South Monterey 55-99 m 1,504.52* 845.41 2,209.6117216 2,562.41 763.68 2,971.32 963.50 2,602.36 2248
Monterey 100-154 m 717.08 138.23 1,365.25 941.06,41206 923.54 1,894.80 685.69 2,096.36 2,973.61
Monterey 155-500 m 51.18 100.89 352.54 40.90 Br2.5 639.09 442 .91 520.58 503.07 1,387.02
Conception 55-99 m 82.82* NA NA NA 211.12 25.03 o4 496.35 1,019.51 1,229.33
Conception 100-154 m 153.82 NA NA NA 229.37 72.66 358.24 149.06 339.98 1501.92
Conception 155-500 m 38.68 NA NA NA 280.11 19.11 575 75.05 183.12 198.01
South total (Monterey only) 2,272.79* 1,08454 FUBD 3,161.12 5547.05 2,326.31 5,309.03 2,169.77 ,201579 9,283.20
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Table 6. Number of successful hauls in U.S. wdters the triennial survey by year and depth (exekitivater hauls” as defined by
Zimmerman, 2001, and hauls that were conducteddeuts the U.S. EEZ).

Year
Region INPFC Depth 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004
North  US Vancouver 55-99m 2 4 7 30 8 10 5 5 6 5
US Vancouver 100-154 m 18 7 26 93 22 19 15 22 164 1
US Vancouver  155-500 m 45 12 29 49 24 18 18 15 176

Columbia 55-99 m 11 58 86 65 49 58 37 41 37 33
Columbia 100-154 m 63 72 107 94 79 85 59 62 66 52
Columbia 155-500 m 137 71 97 49 60 58 85 84 86 73
Eureka 55-99 m 2 9 18 12 16 19 15 20 18 20
Eureka 100-154 m 4 7 16 13 14 15 14 15 17 11
Eureka 155-500 m 25 10 22 6 18 18 31 33 31 29
North Total 307 250 408 411 290 300 279 297 294 253
South  Monterey 55-99m 11 18 24 25 51 44 35 40 398 2
Monterey 100-154 m 41 13 26 32 43 41 36 30 34 25
Monterey 155-500 m 106 20 21 15 26 18 44 55 52 40
Conception 55-99 m 4 0 0 0 13 7 8 8 8 8
Conception 100-154 m 15 0 0 0 9 8 6 6 6 7
Conception 155-500 m 91 0 0 0 8 3 29 32 33 23
South Total (Monterey only) 158 51 71 72 120 103 511125 125 93
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Table 7. Percent positive tows for English soléhmtriennial survey, by year and depth.

Stock INPFC Depth 1977 1980 1983 1986 1989 1992 5199 1998 2001 2004

North US Vancouver 55-99 m 0.00 1.00 1.00 0.97 1.00 1.00 1.00 1.00 1.00 1.00
US Vancouver 100-154 m 0.44  0.29 0.58 0.75 0.64 470. 0.73 0.82 0.81 0.64
US Vancouver 155-500 m 0.13 0.42 0.45 0.51 0.33 610. 0.28 0.60 0.41 0.44
Columbia 55-99m 0.73 0.84 0.97 0.95 0.98 0.97 70.9 1.00 1.00 1.00
Columbia 100-154 m 0.32 0.49 0.62 0.59 0.56 0.62 .680 0.94 0.82 0.83
Columbia 155-500 m 0.15 0.31 0.45 0.31 0.25 0.41 .290 0.43 0.23 0.33
Eureka 55-99 m 0.50 0.78 1.00 0.75 0.94 0.95 0.870.95 1.00 1.00
Eureka 100-154 m 0.00 0.29 0.50 0.15 0.43 0.40 60.3 1.00 1.00 1.00
Eureka 155-500 m 0.04 0.50 0.23 0.33 0.39 0.22 30.2 0.36 0.23 0.38

South Monterey 55-99 m 0.91 0.89 1.00 1.00 0.98 80.9 1.00 0.98 1.00 1.00
Monterey 100-154 m 0.83 0.62 0.85 0.94 0.86 0.98 .890 1.00 094 0.92
Monterey 155-500 m 0.28 0.50 0.48 0.47 0.50 0.83 570 0.45 0.37 0.53
Conception 55-99 m 0.75 NA NA NA 0.62 0.71 0.88 o0a. 100 1.00
Conception 100-154 m 0.73 NA NA NA 0.67 0.75 1.00 0.67 1.00 0.86
Conception 155-500 m 0.10 NA NA NA 0.13 0.33 0.03 0.16 0.18 0.26
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Table 8. Average cpue (kgn) captured by the triennial survey 1977-2004.

Year

Region INPFC Depth 1977 1980 1983 1986 1989 1992 9519 1998 2001 2004

North US Vanc. 55-99 m 0.00 578.09 808.90 851.67144.41 627.24 730.93 1,847.10 840.01 4,306.21
US Vanc. 100-154 m 41.44 28.45 167.28 241.58 310.9142.43 27245 29532 17542 184.63
US Vanc. 155-500 m 3.85 27.47 25.75 29.34 80.79 .24 10.04 67.61 53.46 90.66
Columbia 55-99 m 225.14 23151 228.94 487.32 @1.3825.84 414.48 1,050.87 785.36 2,597.78
Columbia 100-154 m 32.27 43.34 64.35 89.46 153.8202.06 162.95 397.09  443.17 502.11
Columbia 155-500 m 28.23 56.87 55.78 27.42 31.46 8.6 36.19 54.62 35.39 107.85
Eureka 55-99 m 11.39 167.35 368.80 287.82 196.1113.68 124.14  392.78 586.10 3,015.99
Eureka 100-154 m 0.00 13.76 47.44 2.59 81.30 37.603.78 725.97 639.41 1,358.91
Eureka 155-500 m 0.18 14.04 13.09 8.16 4.79 46.630.57 97.41 52.99 130.34

South Monterey 55-99 m 311.13 174.83 456.94 450.6%529.90 157.93 61446  199.25 538.16 1,017.97
Monterey 100-154 m  178.95 3450 340.71 234.85 ED1. 230.48 47286 171.12 523.16 742.09
Monterey 155-500 m 14.61 28.79 100.61 11.67 163.4182.39 126.41 148,57  143.57 395.85
Conception  55-99 m 19.13 NA NA NA 48.78 5.78 101.7 114.68  235.55 284.02
Conception  100-154 m 57.25 NA NA NA 85.37 27.04 3B3 55.48 126.54 558.99
Conception  155-500 m 3.28 NA NA NA 23.76 1.62 0.47 6.37 15.53 16.80
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Table 9. Sampling CV calculated from the triensiatvey 1977-2004.

Year
Region INPFC Depth 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004
North US Vancouver 55-99 m NA 062 035 0.16 050350 0.30 0.21 0.24 0.23
US Vancouver 100-154m 0.32 0.82 042 0.22 0.38410.041 031 0.36 0.48
US Vancouver 155-500m 0.47 056 051 0.23 0.58470.054 0.60 0.54 0.53

Columbia 55-99 m 035 021 014 015 0.23 0.14 70.0.12 0.14 0.29
Columbia 100-154 m 0.46 0.38 0.18 0.21 0.21 0.20260 0.14 0.23 0.26
Columbia 155-500m 0.37 0.42 0.22 0.36 0.45 0.38330 0.33 0.36 0.34
Eureka 55-99 m 1.00 053 0.17 0.27 0.17 024 0.836 0.28 0.20
Eureka 100-154m NA 0.67 0.44 0.78 0.77 0.62 0.8864 0.23 0.32
Eureka 155-500m 1.00 044 056 0.78 0.32 0.7430.6.59 0.57 0.46
North 026 0.17 009 009 0.15 0.0 0.11 0.08 0.@®15
South Monterey 55-99 m 0.26 023 0.20 0.16 0.16 00.2.19 0.12 0.18 0.15
Monterey 100-154 m 0.28 0.42 0.31 0.18 0.22 0.24160 0.16 0.24 0.34
Monterey 155-500m 0.30 0.49 0.59 052 0.42 0.30470 0.19 0.29 0.33
Conception 55-99 m 056 NA NA NA 0.67 044 0.383@. 0.44 0.35
Conception 100-154m 029 NA NA NA 045 053 04847 0.61 0.29
Conception 155-500m 042 NA NA NA 100 1.00 1.00.51 0.62 0.47

South (Monterey only) 0.20 0.19 0.16 0.13 0.13 0.1413 0.09 0.13 0.14




Table 10. Number of hauls in U.S. waters from tienhial survey with at least one length observatiollected for English sole by

year and depth. Bold values included in assessment.

Year
Region INPFC Depth 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004
North  US Vancouver 55-99 m 0 1 1 11 8 10 5 5 6 5
US Vancouver  100-154 m 0 0 2 26 14 6 11 18 13 9
US Vancouver  155-500 m 0 0 0 2 7 5 5 9 7 7
Columbia 55-99 m 0 4 7 18 44 38 33 41 36 33
Columbia 100-154 m 0 1 1 9 32 38 19 55 53 42
Columbia 155-500 m 0 0 0 2 10 8 8 32 20 22
Eureka 55-99 m 0 0 2 1 10 15 5 18 17 19
Eureka 100-154 m 0 0 0 0o 2 4 2 15 17 10
Eureka 155-500 m 0 0 0 0 2 2 1 11 7 11
North Total 0 6 3 69 120 126 89 204 176 158
South  Monterey 55-99 m 0 1 2 3 50 38 25 22 39 27
Monterey 100-154 m 0 0 0 0 34 33 19 16 31 23
Monterey 155-500 m 0 0 0 0 8 12 16 10 18 21
Conception 55-99 m 0 0 0 0 6 1 6 5 7
Conception 100-154 m 0 0 0 0 6 6 6 1 6
Conception 155-500 m 0 0 0 0 1 1 0 2 6
South Total (Monterey only) 0 1 2 3 92 83 60 48 88 71
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Table 11. Number of English sole lengths colle@erd used to calculate length-compositions frontrie@nial survey by year and
depth. Note that Length compositions were only deed989-2004, and did not include the Concepéicen.

Area  INPFC Depth 19771980 1983 1986 1989 1992 1995 1998 2001 2004
North  US Vancouver 55-99 m 0 177 204 1,990 1,327148, 785 1,902 857 3,075
US Vancouver 100-154 m 0 0 63 1,860 665 238 631 8 78 237 298
US Vancouver 155-500 m 0 0 0 22 133 59 20 101 78 28 1
Columbia 55-99 m 0 357 1,512,627 5,859 6,731 4,072 13,809,518 18,415
Columbia 100-154 m 0 22 97 742 1,622 2,163 1,429875 5,451 4,559
Columbia 155-500 m 0 0 0 38 218 222 169 623 364 164,
Eureka 55-99 m 0 0 203 34 341 429 112 2,272 2,368137
Eureka 100-154 m 0 0 0 0 7 78 5 1,808 1,496 1,488
Eureka 155-500 m 0 0 0 0 3 75 2 288 157 235
South  Monterey 55-99 m 0 90 386 321 5,157 1,818 515,01,653 6,384 9,046
Monterey 100-154 m 0 0 0 0 3,275 1,784 2,124 769,188 2,947
Monterey 155-500 m 0 0 0 0 547 320 818 720 947 02,8
Conception 55-99 m 0 0 0 0 71 1 251 221 593 822
Conception 100-154 m 0 0 0 0 92 34 207 37 138 530
Conception 155-500 m 0 0 0 0 17 1 0 10 50 27
In length compositions  North 0 0 0 0 10,17%1,140 7,225 27,463 18,524 38,501
South 0 0 0 0 8,979 3,922 7,993 3,142 10,513 98,7
Proportion included North 0.00 0.00 0.00 0.00 1.001.00 1.00 1.00 1.00 1.00
South 0.00 0.00 0.00 0.00 0.98 099 095 092 30.90.91
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Table 12. Length compositions from the triennialvey. Proportions sum to one over both sexes ih saack and year.

Northern area

Length bin lower edge

Females Year

11

13

15

17

19

21

23

25 27 29

31

33

35

37

391 443

45+

1989
1992
1995
1998
2001
2004

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.001
0.000
0.000
0.001
0.002
0.000

0.003
0.003
0.001
0.005
0.011
0.001

0.011
0.013
0.007
0.035
0.020
0.007

0.014
0.020
0.038
0.087
0.035
0.015

0.031
0.046
0.087
0.107
0.066
0.029

0.070 160.10.145
0.079 860.00.098
0.145 420.10.126
0.105 030.10.086
0.101 330.10.118
0.058 160.10.164

0.135
0.101
0.099
0.055
0.095
0.136

0.086
0.057
0.053
0.031
0.067
0.115

0.046
0.042
0.023
0.018
0.033
0.058

0.023
0.020
0.008
0.006
0.014
0.023

0.013
0.014
0.003
0.002
0.005
0.006

0.008
0.005
0.002
0.001
0.002
0.002

0.004001
0.002001
0.000001
0.000000
0.001000
0.001000

1989
1992
1995
1998
2001
2004

Males

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.001
0.001
0.001
0.001
0.010
0.000

0.004
0.009
0.002
0.013
0.026
0.003

0.009
0.033
0.025
0.067
0.044
0.015

0.032
0.062
0.060
0.106
0.049
0.044

0.058
0.078
0.065
0.083
0.063
0.059

0.070 660.00.036
0.099 740.00.040
0.052 350.00.013
0.051 190.00.008
0.052 310.00.013
0.065 510.00.020

0.012
0.010
0.007
0.004
0.005
0.007

0.004
0.004
0.003
0.001
0.002
0.003

0.002
0.001
0.000
0.001
0.000
0.001

0.000
0.000
0.000
0.001
0.001
0.000

0.000
0.001
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000000
0.000000
0.000000
0.000001
0.000000
0.000000

Southern area
Females 1989
1992
1995
1998
2001
2004

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.001
0.000
0.002
0.003
0.002

0.001
0.004
0.004
0.016
0.017
0.018

0.002
0.018
0.037
0.059
0.055
0.053

0.018
0.042
0.065
0.080
0.094
0.067

0.043
0.074
0.080
0.096
0.105
0.081

0.057 870.00.100
0.096 890.00.093
0.104 120.10.108
0.116 200.10.082
0.115 040.10.076
0.081 730.00.080

0.113
0.072
0.084
0.049
0.056
0.077

0.087
0.042
0.051
0.033
0.035
0.062

0.058
0.035
0.019
0.028
0.025
0.036

0.023
0.012
0.010
0.013
0.010
0.015

0.005
0.006
0.003
0.005
0.005
0.007

0.002
0.003
0.001
0.000
0.001
0.002

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

1989
1992
1995
1998
2001
2004

Males

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.001
0.000
0.000

0.000
0.000
0.002
0.019
0.006
0.007

0.004
0.009
0.011
0.050
0.054
0.054

0.017
0.062
0.026
0.077
0.087
0.102

0.078
0.110
0.075
0.072
0.068
0.100

0.117
0.102
0.099
0.055
0.044
0.053

0.100 480.00.027
0.082 310.00.014
0.070 300.00.009
0.020 080.00.001
0.021 090.00.005
0.018 080.00.003

0.009
0.002
0.002
0.001
0.002
0.002

0.003
0.001
0.000
0.000
0.001
0.001

0.001
0.000
0.000
0.000
0.001
0.001

0.001
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
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Table 13. Triennial survey conditional female agideagth bin frequencies from the north in 1995.

Age Bin
Length Samples Fish
bin (#) (#) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 29+
15 2 2 0.000 0.500 0.500 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
17 4 13 0.000 0.385 0.538 0.077 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
19 10 39 0.000 0.103 0.410 0.333 0.154 0.000 0.000 0.000 000.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
21 24 50 0.000 0.040 0.360 0.320 0.200 0.020 0.060 0.000 000.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
23 14 47 0.000 0.000 0.191 0.340 0.255 0.191 0.000 0.021 000.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
25 16 54 0.000 0.000 0.037 0.259 0.222 0.370 0.093 0.019 000.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
27 21 49 0.000 0.000 0.000 0.122 0.265 0.367 0.163 0.041 200.00.020 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
29 16 37 0.000 0.000 0.000 0.000 0.243 0.243 0.270 0.216 270.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
31 5 5 0.000 0.000 0.000 0.000 0.000 0.400 0.400 0.000 000.00.200 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
33 2 3 0.000 0.000 0.000 0.000 0.000 0.333 0.000 0.667 000.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
35 1 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.01.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0@0000 0.000 0.000
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Table 14. English sole weight at length observatioom the triennial survey.

Number
Haul Year of fish INPFC

1 1989 43 Monterey
2 1989 10 Eureka

3 1989 4 Eureka

4 1989 37 Eureka

5 1989 63 Columbia
6 1989 35 Vancouver
7 1989 49 Vancouver
8 1989 31 Vancouver (Canadian)
9 1995 69 Columbia
10 1995 7 Columbia
11 2001 25 Monterey
12 2001 38 Monterey
13 2001 14 Monterey
14 2001 19 Monterey
15 2001 28 Eureka
15 3 472 5

Table 15. Weight-at length relationship parameséin&tes; growth model fitted
externally and used as assessment model input.

Parameter Males Females
a 0.00000727969 0.00000547424
b 3.072800 3.154470
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Table 16. Historical annual trawl landings of Esflsole used in the stock assessment
model by INPFC area, stock and year. Vancouver iacdades PMFC area 3B only
(source: Sampson, 1993).

INPFC area Model area

usS South  North

Year Conception Monterey Eureka Columbia Vancouver Total Total
1956 68 1,217 443 470 870 1,285 1,783
1957 100 1,290 784 763 643 1,390 2,190
1958 96 1,036 1,185 1,045 995 1,132 3,225
1959 144 664 1,263 648 1,439 808 3,350
1960 104 490 484 1,067 1,278 594 2,829
1961 287 795 563 739 999 1,082 2,301
1962 250 1,186 509 999 677 1,436 2,185
1963 214 1,153 574 838 818 1,367 2,230
1964 193 1,260 699 608 778 1,453 2,085
1965 411 1,285 579 689 919 1,696 2,187
1966 248 1,222 793 1,491 784 1,470 3,068
1967 171 1,369 1,158 871 757 1,540 2,786
1968 143 1,196 1,364 716 1,120 1,339 3,200
1969 193 819 823 622 604 1,012 2,049
1970 176 726 645 679 269 902 1,593
1971 185 724 540 699 144 909 1,383
1972 132 661 651 912 287 793 1,850
1973 147 689 775 938 421 836 2,134
1974 132 880 836 719 379 1,012 1,934
1975 177 1,050 804 970 493 1,227 2,267
1976 211 932 910 1,718 695 1,143 3,323
1977 210 717 642 1,029 269 927 1,940
1978 120 950 860 1,053 480 1,070 2,393
1979 115 1,000 1,066 1,026 424 1,115 2,516
1980 98 1,264 812 758 281 1,362 1,851
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Table 17. Reconstructed historical annual land{ng3$ of English sole for the years
1916-1955 used in the stock assessment model byaackyear. See text for sources and
description of methods.

Year South  North

Total Total
1916 2,454 0
1917 3,343 0
1918 2,692 0
1919 2,118 0
1920 1,464 0
1921 1,866 0
1922 2,698 0
1923 2,714 0
1924 3,491 0
1925 3,393 0
1926 3,247 0
1927 3,923 0
1928 3,442 0
1929 3,976 3
1930 3,065 1
1931 1,580 1
1932 2,919 6
1933 2,762 4
1934 2,350 2
1935 2,667 5
1936 2,801 18
1937 2,547 69

1938 1,076 1,070
1939 1,351 1,176
1940 1,169 1,405
1941 808 1,054
1942 163 1,600
1943 382 2,697
1944 429 1,350
1945 412 1,170
1946 717 3,544
1947 776 2,056
1948 1,208 4,008
1949 1,093 1,977
1950 1,607 3,311
1951 947 2,558
1952 736 2,325
1953 681 1,590
1954 750 1,321
1955 837 1,439
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Table 18. Extrapolated annual landings (mt) of Egéole for the south used in the
stock assessment model for the earliest yearseatetieloping commercial fishery off
San Francisco; three scenarios intended to brécgeinge of plausible landings based
on published qualitative summaries and descripgyperts.

Base case Low High
Year . . .

scenario scenario scenario
1876 1 1 1
1877 1 1 62
1878 1 1 124
1879 2 1 185
1880 2 1 246
1881 2 1 308
1882 3 1 369
1883 4 1 430
1884 4 1 492
1885 5 1 553
1886 6 1 614
1887 7 1 676
1888 9 1 737
1889 11 1 798
1890 13 1 860
1891 15 1 921
1892 18 1 982
1893 22 1 1,044
1894 26 1 1,105
1895 32 1 1,166
1896 38 1 1,228
1897 45 1 1,289
1898 54 1 1,350
1899 65 1 1,412
1900 78 1 1,473
1901 94 1 1,534
1902 113 1 1,595
1903 135 1 1,657
1904 162 1 1,718
1905 194 1 1,779
1906 233 1 1,841
1907 280 1 1,902
1908 335 1 1,963
1909 402 1 2,025
1910 482 1 2,086
1911 578 1 2,147
1912 694 1 2,209
1913 832 1 2,270
1914 998 1 2,331
1915 1,196 1 2,393
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Table 19. Estimates of discard fraction for Englisle from Herrman and Harry (1963).
Year Total catch (Ibs) Total discard (Ibs) Trips sampled  Proportion discarded

1950 123,162 29,241 12 0.2374
1951 18,793 4,852 4 0.2582
1953 35,584 6,484 5 0.1822
1959 33,298 16,979 4 0.5099
1960 22,813 6,777 7 0.2971
1961 41,595 3,866 9 0.0929
Sum 275,245 68,199 41 0.2478

Table 20. Discard fraction (by weight) and averagkvidual weight of discarded fish
for English sole from the West coast groundfisheotsr program.
Model Fraction  Average
Year area  discarded weight (kg)
2001 South 0.3225 0.1743
2001 North 0.2564 0.2161
2002 South 0.3865 0.1937
2002 North 0.2522 0.1975
2003 South 0.5161 0.1688
2003 North 0.2972 0.2251

Table 21. Estimates of discarding by length antdditpredictions based on a logistic
model for English sole from the Pikitch Study.
Length bin Discarded Retained Total Fraction Fitted

(cm) (#) (#) (#) retained values
15 3 0 3 0.000 0.000
17 11 0 11 0.000 0.001
19 36 0 36 0.000 0.003
21 80 0 80 0.000 0.014
23 94 9 103 0.087 0.054
25 84 26 110 0.236 0.189
27 58 43 101 0.426 0.486
29 44 132 176 0.750 0.794
31 7 172 179 0.961 0.940
33 0 157 157 1.000 0.985
35 0 78 78 1.000 0.996
37 0 37 37 1.000 0.999
39 0 20 20 1.000 1.000
41 0 7 7 1.000 1.000
43 0 2 2 1.000 1.000
45 0 0 0 NA NA

Sum 417 683 1,100
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Table 22. Number of uniqgue samples used to profisicery length compositions.

INPFC area

U South North
Year Conception Monterey Eureka Columbia Vancouver total total
1966 13 0 0 28 0 13 28
1967 10 0 0 0 0 10 0
1968 5 4 0 44 0 9 44
1969 14 2 0 0 0 16 0
1970 2 0 0 49 0 2 49
1971 0 0 3 1 0 0 4
1972 0 4 6 15 0 4 21
1973 7 0 11 13 0 7 24
1974 8 0 11 10 0 8 21
1975 5 2 7 13 0 7 20
1976 1 1 12 0 0 2 12
1977 0 1 6 22 0 1 28
1978 0 0 4 22 0 0 26
1979 0 0 1 15 0 0 16
1980 1 8 51 19 0 9 70
1981 0 0 57 20 0 0 77
1982 0 2 31 24 1 2 56
1983 0 2 21 19 0 2 40
1984 0 1 6 9 0 1 15
1985 0 11 10 12 0 11 22
1986 0 0 0 22 0 0 22
1987 0 0 12 31 0 0 43
1988 0 0 6 18 0 0 24
1989 0 0 7 26 0 0 33
1990 0 0 1 24 5 0 30
1991 0 0 1 22 5 0 28
1992 0 0 0 19 2 0 21
1993 0 0 0 17 5 0 22
1994 0 0 0 14 7 0 21
1995 0 0 0 12 8 0 20
1996 0 0 0 9 9 0 18
1997 0 0 2 22 16 0 40
1998 0 0 5 20 12 0 37
1999 0 0 8 16 11 0 35
2000 0 0 7 19 7 0 33
2001 0 4 9 30 10 4 49
2002 1 4 6 32 7 5 45
2003 1 20 6 23 2 21 31
2004 0 0 6 13 6 0 25
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Table 23. Total commercial bottom trawl landings)(sampled for length.

INPFC area
U South North

Year Conception Monterey Eureka Columbia Vancouver total total

1966 4.05 0.00 0.00 14.05 0.00 4.05 14.05
1967 1.33 0.00 0.00 0.00 0.00 1.33 0.00
1968 1.00 0.93 0.00 22.07 0.00 1.94 22.07
1969 7.12 0.48 0.00 0.00 0.00 7.60 0.00
1970 0.06 0.00 0.00 24.58 0.00 0.06 24.58
1971 0.00 0.00 0.14 0.03 0.00 0.00 0.18
1972 0.00 1.52 6.04 1.02 0.00 1.52 7.06
1973 2.70 0.00 19.33 0.51 0.00 2.70 19.84
1974 2.23 0.00 14.91 0.39 0.00 2.23 15.31
1975 1.55 0.37 9.74 0.52 0.00 1.92 10.26
1976 0.04 0.20 31.15 0.00 0.00 0.24 31.15
1977 0.00 0.24 15.56 27.89 0.00 0.24 43.45
1978 0.00 0.00 2.78 29.82 0.00 0.00 32.59
1979 0.00 0.00 0.05 22.70 0.00 0.00 22.75
1980 0.31 7.85 25.54 15.00 0.00 8.16 40.54
1981 0.00 0.00 30.57 16.48 0.00 0.00 47.05
1982 0.00 8.95 16.92 17.85 0.39 8.95 35.16
1983 0.00 0.62 12.52 8.48 0.00 0.62 21.01
1984 0.00 0.31 4.40 3.64 0.00 0.31 8.04
1985 0.00 8.28 7.09 7.48 0.00 8.28 14.57
1986 0.00 0.00 0.00 26.93 0.00 0.00 26.93
1987 0.00 0.00 10.37 35.85 0.00 0.00 46.23
1988 0.00 0.00 4.15 13.35 0.00 0.00 17.50
1989 0.00 0.00 3.08 15.99 0.00 0.00 19.06
1990 0.00 0.00 0.74 18.17 17.02 0.00 35.93
1991 0.00 0.00 1.17 26.47 3.74 0.00 31.38
1992 0.00 0.00 0.00 21.85 3.69 0.00 25.53
1993 0.00 0.00 0.00 22.60 5.19 0.00 27.79
1994 0.00 0.00 0.00 8.53 5.47 0.00 14.00
1995 0.00 0.00 0.00 6.49 27.00 0.00 33.48
1996 0.00 0.00 0.00 6.69 15.37 0.00 22.06
1997 0.00 0.00 0.75 17.55 26.63 0.00 44.92
1998 0.00 0.00 16.32 18.77 18.87 0.00 53.95
1999 0.00 0.00 5.48 11.33 11.58 0.00 28.39
2000 0.00 0.00 8.69 16.18 11.33 0.00 36.19
2001 0.00 4.53 12.26 28.59 8.06 4.53 48.91
2002 0.00 8.23 2.34 23.49 7.43 8.23 33.26
2003 0.03 37.59 2.36 25.88 4.73 37.63 32.96
2004 0.00 0.00 4.66 8.93 6.84 0.00 20.43
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Table 24. Number of fish sampled for length from bottom trawl fishery.

INPFC area

U South North
Year Conception Monterey Eureka Columbia Vancouver total total
1966 387 0 0 1,601 0 387 1,601
1967 233 0 0 0 0 233 0
1968 125 133 0 2,283 0 258 2,283
1969 561 75 0 0 0 636 0
1970 75 0 0 2,564 0 75 2,564
1971 0 0 300 100 0 0 400
1972 0 125 300 1,376 0 125 1,676
1973 175 0 442 1,299 0 175 1,741
1974 200 0 460 986 0 200 1,446
1975 125 49 339 1,300 0 174 1,639
1976 24 25 566 0 0 49 566
1977 0 50 299 2,169 0 50 2,468
1978 0 0 200 2,217 0 0 2,417
1979 0 0 50 1,501 0 0 1,551
1980 25 400 2,982 1,809 0 425 4,791
1981 0 0 3,817 1,975 0 0 5,792
1982 0 51 2,195 2,313 102 51 4,610
1983 0 99 1,267 1,067 0 99 2,334
1984 0 49 310 451 0 49 761
1985 0 550 503 610 0 550 1,113
1986 0 0 0 1,110 0 0 1,110
1987 0 0 591 1,509 0 0 2,100
1988 0 0 300 904 0 0 1,204
1989 0 0 350 1,301 0 0 1,651
1990 0 0 50 1,454 404 0 1,908
1991 0 0 62 1,812 435 0 2,309
1992 0 0 0 1,665 180 0 1,845
1993 0 0 0 1,455 428 0 1,883
1994 0 0 0 1,178 671 0 1,849
1995 0 0 0 1,026 771 0 1,797
1996 0 0 0 717 844 0 1,561
1997 0 0 142 1,788 1,440 0 3,370
1998 0 0 259 1,615 1,175 0 3,049
1999 0 0 489 1,356 976 0 2,821
2000 0 0 417 1,468 676 0 2,561
2001 0 122 558 2,137 826 122 3,521
2002 9 107 292 2,207 384 116 2,883
2003 3 305 343 1,471 118 308 1,932
2004 0 0 215 789 418 0 1,422
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Table 25. Expanded fishery length compositionspBrtions sum to one over both sexes within yedraaga.

Northern area

Length bin lower edge

Females Year 11 13 15 17 19 21 23 25 27 29 31 33 35 37 391 443 45+
1966 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.007 0.085 0.237 0.236 0.175 0.081 0.06M12 0.007
1968 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.003 0.006 0.057 0.167 0.237 0.202 0.139 0.06921 0.006
1970 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.002 0.026 0.096 0.178 0.196 0.149 0.093 0.08321 0.008
1971 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.045 0.044 0.187 0.205 0.114 0.086 0.086016 0.004
1972 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.001 0.051 0.181 0.236 0.219 0.100 0.058 0.0PMVO9 0.005
1973 0.000 0.000 0.000 0.000 0.000 0.000 0.001000.00.003 0.025 0.145 0.239 0.229 0.146 0.078 0.0P8009 0.005
1974 0.000 0.000 0.000 0.000 0.000 0.000 0.000010.00.003 0.037 0.138 0.221 0.209 0.133 0.079 0.080M14 0.010
1975 0.000 0.000 0.000 0.000 0.000 0.001 0.000020.00.008 0.037 0.154 0.219 0.206 0.135 0.078 0.08308 0.007
1976 0.000 0.000 0.000 0.000 0.000 0.000 0.000070.00.014 0.054 0.120 0.154 0.114 0.084 0.067 0.0p2009 0.001
1977 0.000 0.000 0.000 0.000 0.000 0.000 0.000010.00.004 0.034 0.103 0.189 0.191 0.129 0.085 0.081017 0.005
1978 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.005 0.072 0.147 0.262 0.190 0.135 0.088 0.086005 0.005
1979 0.000 0.000 0.000 0.000 0.000 0.000 0.001000.00.003 0.038 0.200 0.210 0.225 0.126 0.071 0.0P002 0.001
1980 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.006 0.068 0.183 0.235 0.187 0.124 0.064 0.08016 0.013
1981 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.016 0.115 0.212 0.222 0.175 0.108 0.058 0.0P1008 0.004
1982 0.000 0.000 0.000 0.000 0.000 0.000 0.000040.00.041 0.132 0.254 0.222 0.143 0.074 0.032 0.00007 0.001
1983 0.000 0.000 0.000 0.000 0.000 0.001 0.001010.00.014 0.144 0.240 0.249 0.153 0.067 0.035 0.009006 0.001
1984 0.000 0.000 0.000 0.000 0.000 0.000 0.0041%0.00.080 0.111 0.285 0.183 0.144 0.075 0.027 0.0P1001 0.000
1985 0.000 0.000 0.000 0.000 0.000 0.000 0.000140.00.068 0.206 0.261 0.155 0.133 0.054 0.016 0.000005 0.002
1986 0.000 0.000 0.000 0.000 0.000 0.000 0.000030.00.030 0.212 0.347 0.213 0.093 0.029 0.010 0.001000 0.000
1987 0.000 0.000 0.000 0.000 0.000 0.000 0.003100.00.099 0.216 0.241 0.202 0.106 0.032 0.014 0.0001 0.000
1988 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.023 0.139 0.253 0.220 0.165 0.067 0.032 0.00006 0.001
1989 0.000 0.000 0.000 0.000 0.000 0.000 0.000010.00.017 0.154 0.298 0.259 0.134 0.057 0.023 0.00000 0.001
1990 0.000 0.000 0.000 0.000 0.000 0.000 0.0000%0.00.011 0.064 0.261 0.311 0.186 0.072 0.025 0.00002 0.000
1991 0.000 0.000 0.000 0.000 0.000 0.000 0.001010.00.007 0.068 0.202 0.234 0.150 0.073 0.036 0.008004 0.002
1992 0.000 0.000 0.000 0.000 0.000 0.000 0.000020.00.036 0.185 0.286 0.214 0.133 0.060 0.021 0.00001 0.001
1993 0.000 0.000 0.000 0.000 0.000 0.000 0.000010.00.007 0.140 0.336 0.278 0.138 0.049 0.014 0.000002 0.000
1994 0.000 0.000 0.000 0.000 0.000 0.000 0.000020.00.029 0.186 0.314 0.214 0.108 0.063 0.019 0.00803 0.002
1995 0.000 0.000 0.000 0.000 0.000 0.000 0.000010.00.061 0.185 0.246 0.189 0.118 0.080 0.045 0.0863014 0.005
1996 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.047 0.268 0.279 0.189 0.100 0.036 0.024 0.00€005 0.001
1997 0.000 0.000 0.000 0.000 0.000 0.000 0.000020.00.021 0.154 0.325 0.224 0.126 0.066 0.020 0.000001 0.009
1998 0.000 0.000 0.000 0.000 0.000 0.000 0.000070.00.070 0.197 0.294 0.194 0.096 0.048 0.040 0.00D09 0.003
1999 0.000 0.000 0.000 0.000 0.000 0.000 0.0010%0.00.067 0.201 0.286 0.219 0.105 0.047 0.026 0.00005 0.002
2000 0.000 0.000 0.000 0.000 0.000 0.000 0.000060.00.060 0.186 0.290 0.181 0.115 0.056 0.045 0.089006 0.002
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Table 25 continued. Expanded fishery length comjoos. Proportions sum to one over both sexes wighar and area.

Northern area
Females Year

Males

Length bin lower edge

11 13 15 17 19 21 23 25 27 29 31 33 35 37 391 443 45+
2001 0.000 0.000 0.000 0.000 0.000 0.000 0.002 90.00.045 0.146 0.267 0.264 0.131 0.066 0.034 0.013007/0 0.003
2002 0.000 0.000 0.000 0.000 0.000 0.000 0.002 80.00.029 0.134 0.258 0.276 0.145 0.067 0.030 0.0110070 0.003
2003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.012 0.117 0.291 0.230 0.185 0.065 0.024 0.0120000 0.000
2004 0.000 0.000 0.000 0.000 0.000 0.000 0.001 10.00.013 0.073 0.286 0.270 0.201 0.083 0.026 0.000020 0.000
1966 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.011 0.045 0.041 0.018 0.003 0.001 0.0010000 0.000
1968 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.002 0.008 0.036 0.039 0.010 0.001 0.000 0.00W000 0.000
1970 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.005 0.035 0.074 0.045 0.017 0.001 0.001 0.00W000 0.000
1971 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.019 0.108 0.098 0.034 0.004 0.001 0.000 0.00W000 0.000
1972 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.008 0.030 0.049 0.018 0.005 0.000 0.000 0.00W000 0.000
1973 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.003 0.020 0.034 0.023 0.009 0.003 0.000 0.00W000 0.000
1974 0.000 0.000 0.000 0.000 0.000 0.000 0.001 50.00.009 0.025 0.048 0.029 0.009 0.001 0.000 0.00W000 0.000
1975 0.000 0.000 0.000 0.001 0.000 0.000 0.000 40.00.012 0.017 0.051 0.020 0.007 0.001 0.000 0.00W000 0.000
1976 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.039 0.124 0.146 0.042 0.001 0.001 0.000 0.00W000 0.000
1977 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.00.024 0.059 0.081 0.031 0.003 0.001 0.000 0.00W000 0.000
1978 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.014 0.013 0.018 0.007 0.002 0.001 0.000 0.00W000 0.000
1979 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.002 0.032 0.043 0.021 0.001 0.000 0.000 0.00W000 0.000
1980 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00.006 0.025 0.023 0.008 0.002 0.000 0.000 0.00W000 0.000
1981 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.004 0.027 0.019 0.007 0.001 0.000 0.000 0.00W000 0.000
1982 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00.018 0.025 0.013 0.008 0.000 0.000 0.000 0.00W000 0.000
1983 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.00.003 0.026 0.027 0.010 0.004 0.000 0.000 0.00W000 0.000
1984 0.000 0.000 0.000 0.000 0.000 0.000 0.001 60.00.016 0.024 0.006 0.001 0.000 0.000 0.000 0.00W000 0.000
1985 0.000 0.000 0.000 0.000 0.000 0.000 0.000 90.00.034 0.021 0.015 0.002 0.000 0.000 0.000 0.00W000 0.000
1986 0.000 0.000 0.000 0.000 0.000 0.000 0.000 70.00.011 0.032 0.008 0.004 0.000 0.000 0.000 0.00W000 0.000
1987 0.000 0.000 0.000 0.000 0.000 0.000 0.003 20.00.033 0.015 0.008 0.002 0.000 0.000 0.000 0.00W000 0.000
1988 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.015 0.030 0.022 0.010 0.003 0.000 0.000 0.00W000 0.000
1989 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00.007 0.017 0.020 0.003 0.000 0.000 0.000 0.00W000 0.000
1990 0.000 0.000 0.000 0.002 0.000 0.000 0.000 00.00.007 0.018 0.026 0.003 0.000 0.000 0.000 0.00W000 0.000
1991 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.004 0.023 0.030 0.062 0.022 0.036 0.016 0.009000 0.000
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Table 25 continued. Expanded fishery length comjoos. Proportions sum to one over both sexes wighar and area.

Northern area

Length bin lower edge

Males Year 11 13 15 17 19 21 23 25 27 29 31 33 357 339 41 43 45+
1992 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.009 0.035 0.008 0.000 0.000 0.000 0.0000000 0.000
1993 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.003 0.008 0.016 0.003 0.001 0.000 0.000 0.0000000 0.000
1994 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.007 0.030 0.016 0.001 0.000 0.000 0.000 0.0000000 0.000
1995 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.005 0.004 0.004 0.000 0.001 0.000 0.0000000 0.000
1996 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.012 0.011 0.016 0.002 0.000 0.000 0.000 0.0000000 0.000
1997 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.00.005 0.012 0.011 0.003 0.002 0.001 0.000 0.0000000 0.000
1998 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.005 0.010 0.003 0.000 0.001 0.000 0.000 0.0000000 0.000
1999 0.000 0.000 0.000 0.000 0.000 0.000 0.001 40.00.012 0.005 0.002 0.000 0.000 0.000 0.000 0.0000000 0.000
2000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 30.00.002 0.007 0.001 0.000 0.000 0.000 0.000 0.0000000 0.000
2001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 20.00.003 0.007 0.002 0.000 0.001 0.000 0.001 0.0000000 0.000
2002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 10.00.004 0.017 0.005 0.002 0.000 0.000 0.000 0.0000000 0.000
2003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.013 0.015 0.016 0.011 0.009 0.000 0.000 0.0000000 0.000
2004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.008 0.015 0.012 0.002 0.000 0.000 0.000 0.0000000 0.000

Southern area

Females 1966 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00.038 0.086 0.066 0.177 0.158 0.078 0.019 0.013000 0.000
1967 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.025 0.176 0.290 0.176 0.130 0.075 0.0160270 0.001
1968 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.037 0.127 0.214 0.208 0.194 0.119 0.0320160 0.006
1969 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.036 0.086 0.077 0.180 0.117 0.026 0.008 0.003000 0.000
1970 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.038 0.019 0.160 0.271 0.332 0.120 0.009000 0.009
1972 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.034 0.202 0.222 0.269 0.145 0.080 0.0140000 0.000
1973 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.018 0.114 0.130 0.193 0.207 0.078 0.0360030 0.019
1974 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.024 0.104 0.163 0.195 0.223 0.191 0.043160 0.001
1975 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.000 0.039 0.282 0.407 0.190 0.067 0.009040 0.002
1976 0.000 0.000 0.000 0.000 0.000 0.000 0.000 60.00.012 0.019 0.254 0.149 0.189 0.217 0.142 0.0000000 0.000
1977 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.000 0.020 0.220 0.400 0.180 0.160 0.0200000 0.000
1980 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.006 0.092 0.276 0.255 0.151 0.102 0.033 0.01%030 0.000
1982 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.013 0.102 0.541 0.115 0.102 0.102 0.025 0.0000000 0.000
1983 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.010 0.091 0.253 0.242 0.263 0.081 0.020 0.0200000 0.000
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Table 25 continued. Expanded fishery length comjoos. Proportions sum to one over both sexes wighar and area.

Southern area
Females Year

Males

Length bin lower edge

11 13 15 17 19 21 23 25 27 29 31 33 35 37 391 443 45+
1984 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.041 0.204 0.265 0.286 0.122 0.061 0.020 0.000W000 0.000
1985 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.044 0.191 0.258 0.252 0.169 0.050 0.018 0.00W010 0.000
2001 0.000 0.000 0.000 0.000 0.000 0.000 0.008 00.00.067 0.151 0.325 0.171 0.141 0.032 0.000 0.0040000 0.000
2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.176 0.151 0.137 0.052 0.235 0.144 0.060 0.000W4%0 0.000
2003 0.000 0.000 0.000 0.000 0.000 0.083 0.036 50.08.065 0.181 0.269 0.118 0.038 0.005 0.003 0.058000 0.000
1966 0.000 0.000 0.000 0.000 0.000 0.000 0.000 40.08.122 0.081 0.082 0.033 0.000 0.000 0.000 0.00W000 0.000
1967 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.018 0.020 0.042 0.005 0.000 0.000 0.000 0.00W000 0.000
1968 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.015 0.011 0.011 0.011 0.000 0.000 0.00W000 0.000
1969 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.134 0.181 0.131 0.019 0.001 0.000 0.000 0.00W000 0.000
1970 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.000 0.021 0.021 0.000 0.000 0.000 0.00W000 0.000
1972 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.000 0.023 0.011 0.000 0.000 0.000 0.00W000 0.000
1973 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.010 0.044 0.061 0.071 0.000 0.015 0.000 0.00W000 0.000
1974 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.003 0.015 0.015 0.006 0.000 0.000 0.000 0.00W000 0.000
1975 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.001 0.000 0.001 0.000 0.000 0.000 0.00W000 0.000
1976 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.006 0.006 0.000 0.000 0.000 0.000 0.000 0.00W000 0.000
1980 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00W000 0.000
1983 0.000 0.000 0.000 0.000 0.000 0.000 0.000 10.00.003 0.035 0.011 0.009 0.006 0.000 0.000 0.00W000 0.000
1985 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00W000 0.000
2001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.010 0.010 0.000 0.000 0.000 0.000 0.000 0.000W000 0.000
2003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000W000 0.000
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Table 26. Age reading agreement between two redoleEnglish sole otoliths (surface)
collected from Puget Sound (Van Cleve and EI-Sa$84a9).

Reader 1
Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
2 O 10 O 0 0 0 0 0 0 0 0 0 0 0 10
3 0 O 4 O 0 0 0 0 0 0 0 0 0 0) 44
4 0 0 0O 17 1 1 0 0 0 0 0 0 0 0 19
5 0 0 1 2 34 0 0 0 0 0 0 0 0 0 37
6 0 0 0 1 2 29 1 0 0 0 0 0 0 0 33
Reader 7 0 0 0 0 0 1 13 7 1 1 0 0 0 0 23
2 8 0 0 0 0 0 1 2 15 7 1 2 0 0 0 28
9 0 0 0 0 0 0 1 3 12 1 0 1 0 0 18
10 0 0 0 0 0 1 0 1 1 5 6 1 1 0 16
11 0 0 0 0 0 0 1 1 1 112 4 0 0 20
12 0 0 0 0 0 0 0 0 0 0 2 1 1 0 4
13 0 0 0 0 0 0 0 0 0 1 0 00 0 1
14 0 0 0 0 0 0 0 0 0 0 0 1 00 1
Total| 1 10 45 20 37 33 18 27 22 10 22 8 2 0 255

Table 27. Age reading agreement between interofaeacul otoliths (surface) collected
from market samples (Palmen, 1956).

Read
from
otolith

Read from interoperculum

Age | 3 4 5 6 7 8 9 10 11 12 13 14 15 [16 Total
3 3B 1 0 0 0 0 0O O O O O 0 0 36
4 11 216 15 1 0 0 0O O O o0 o0 ©O 0 @ 243
5 3 53 222 29 5 0 1 O 0 O 0 O 0O (g 313
6 1 10 38 18 33 2 0 1 0 O 0O O 0O 0 270
7 0 1 5 42 160 25 4 6 1 2 0 0 0 O 246
8 0 0 0 7 26 46 11 4 5 1 0O O 0O 0| 100
9 0 0 0 0 3 6 30 22 5 4 0 O 0O O 69
10 0 0 0 0 0 2 6 15 10 10 3 1 0O O 47
11 0 0 0 0 0 0 1 512 9 4 4 0o 2 37
12 0 0 0 0 0 0 0O O 0 4 3 2 3 1 13
13 0 0 0 0 0 0 1 O 1 02 1 4 1 10
14 0 0 0 0 0 0 0O O 0O O 01 2 2 5
15 0 0 0 0 0 0 0O O 0O O 0O 00 O 0
16 0 0 0 0 0 0 0O O 0O O 0O O 00 0
Total| 50 281 280 264 227 81 54 52 34 30 12 9 9 6 1,389
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Table 28. Age reading agreement between interofaeacu otoliths (surface) from Puget

Sound (Van Cleve and El-Sayed, 1969).

Read from interoperculum
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Table 29. Age reading agreement between two re&@sesd on interopercula from Puget Sound (Van GledeEl-Sayed, 1969).
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Table 30. Age reading agreement experiment conduiet&991 between opercula read

by both ODFW and WDFW; reported in Sampson (1993).

Read by ODFW

Age | 3 4 5 6 3 Total
3 o 0 o O o o0 o 0
4 O 10 6 2 2 0 O 20
5 0 1 235 0 O O 29
6 0 0 1 25 4 0 O 30
Read 7 0 o 3 7 9 1 0 20
by 8 0 0O O 1 7 18 O 26
WDFW 9 0 O 0 2 5 12 11 30
10 0 0O O 1 1 5 4 16
11 0 o o0 o o o o0 o 0
12 0 O 0O o0 ©O 1 1 2 13
13 0 O o0 o O O o0 2 10
Total| O 11 33 43 28 3 1 7 194
Table 31. Age agreement between multiple readpefoula by WDFW (source:
PacFIN).
Subsequent readings (up to 2 per structure)
Age | 3 4 5 3 Total
3 10 7 1 O 0 O 18
4 4 69 29 0 0O O 104
5 0 9 68 O 0 O 101
6 1 0 20 78 O 0 O 116
: 7 0 0 1 0O 0 O 67
o8 |0 0 1 8 3 1 1 70
9 0 0O O 0 0 1 3 0 40
10 0 0O O 0 0 18 4 3 30
11 0 0O O 0 0 2 2 1 6
12 0 0O O 0 0 2 0 0 2
13 0 0O O 0 0 0O 0 O 0
Total| 15 85 120 115 72 6 10 5 554
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Table 32. Number of unique samples used to craseopercular age compositions from
the trawl fishery. Conception and Monterey datafesm CalCOM, Eureka, Columbia
and Vancouver data are from PacFIN.

INPFC Area

usS South  North
Year Conception MontereyEureka Columbia Vancouver total total
1966 0 0 0 26 0 0 26
1967 0 0 0 0 0 0 0
1968 3 3 0 43 0 6 43
1969 12 2 0 0 0 14 0
1970 1 0 0 48 0 1 48
1971 0 0 3 1 0 0 4
1972 0 4 2 15 0 4 17
1973 7 0 0 13 0 7 13
1974 8 0 0 9 0 8 9
1975 5 2 0 11 0 7 11
1976 0 0 0 0 0 0 0
1977 0 0 0 19 0 0 19
1978 0 0 0 21 0 0 21
1979 0 0 0 11 0 0 11
1980 1 0 9 18 0 1 27
1981 0 0 19 20 0 0 39
1982 0 1 13 24 1 1 38
1983 0 2 5 19 0 2 24
1984 0 1 5 9 0 1 14
1985 0 9 10 12 0 9 22
1986 0 0 0 6 0 0 6
1987 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0
1989 0 0 0 24 0 0 24
1990 0 0 0 24 5 0 29
1991 0 0 0 22 3 0 25
1992 0 0 0 0 0 0 0
1993 0 0 0 9 3 0 12
1994 0 0 0 11 4 0 15
1995 0 0 0 11 8 0 19
1996 0 0 0 8 3 0 11
1997 0 0 0 17 6 0 23
1998 0 0 1 4 1 0 6
1999 0 0 0 0 0 0 0
2000 0 0 0 0 1 0 1
2001 0 0 0 0 0 0 0
2002 0 0 0 0 0 0 0
2003 0 0 0 0 0 0 0
2004 0 0 0 0 0 0 0
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Table 33. Total commercial bottom trawl landingg)(sampled for interopercular age.

INPFC area
U South North

Year Conception Monterey Eureka Columbia Vancouver total total

1966 0.00 0.00 0.00 12.27 0.00 0.00 12.27
1967 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1968 0.39 0.72 0.00 20.28 0.00 1.10 20.28
1969 7.04 0.48 0.00 0.00 0.00 7.52 0.00
1970 0.02 0.00 0.00 22.64 0.00 0.02 22.64
1971 0.00 0.00 0.14 0.03 0.00 0.00 0.18
1972 0.00 1.52 0.08 0.99 0.00 1.52 1.07
1973 2.70 0.00 0.00 0.51 0.00 2.70 0.51
1974 2.23 0.00 0.00 0.36 0.00 2.23 0.36
1975 0.98 0.25 0.00 0.43 0.00 1.23 0.43
1976 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1977 0.00 0.00 0.00 27.77 0.00 0.00 27.77
1978 0.00 0.00 0.00 29.78 0.00 0.00 29.78
1979 0.00 0.00 0.00 16.72 0.00 0.00 16.72
1980 0.20 0.00 5.40 14.91 0.00 0.20 20.31
1981 0.00 0.00 15.83 16.48 0.00 0.00 32.31
1982 0.00 0.20 8.46 17.85 0.39 0.20 26.70
1983 0.00 0.39 3.40 8.48 0.00 0.39 11.88
1984 0.00 0.20 4.33 3.64 0.00 0.20 7.97
1985 0.00 6.87 7.09 7.48 0.00 6.87 14.57
1986 0.00 0.00 0.00 14.97 0.00 0.00 14.97
1987 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1988 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1989 0.00 0.00 0.00 15.83 0.00 0.00 15.83
1990 0.00 0.00 0.00 18.17 17.02 0.00 35.19
1991 0.00 0.00 0.00 26.47 1.74 0.00 28.22
1992 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1993 0.00 0.00 0.00 9.30 4.88 0.00 14.18
1994 0.00 0.00 0.00 7.65 4.63 0.00 12.28
1995 0.00 0.00 0.00 6.36 27.00 0.00 33.36
1996 0.00 0.00 0.00 6.51 5.42 0.00 11.93
1997 0.00 0.00 0.00 16.05 15.62 0.00 31.66
1998 0.00 0.00 1.08 1.97 3.41 0.00 6.46
1999 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2000 0.00 0.00 0.00 0.00 0.15 0.00 0.15
2001 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2002 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2003 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2004 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 34. Number of fish sampled for interopercalge from the trawl fishery.

INPFC area

U South North
Year Conception Monterey Eureka Columbia Vancouver total total
1966 0 0 0 1,397 0 0 1,397
1967 0 0 0 0 0 0 0
1968 75 70 0 2,231 0 145 2,231
1969 357 50 0 0 0 407 0
1970 25 0 0 2,511 0 25 2,511
1971 0 0 299 100 0 0 399
1972 0 100 200 1,354 0 100 1,554
1973 175 0 0 1,296 0 175 1,296
1974 200 0 0 879 0 200 879
1975 124 44 0 1,099 0 168 1,099
1976 0 0 0 0 0 0 0
1977 0 0 0 1,842 0 0 1,842
1978 0 0 0 2,084 0 0 2,084
1979 0 0 0 1,085 0 0 1,085
1980 25 0 904 1,708 0 25 2,612
1981 0 0 1,825 1,900 0 0 3,725
1982 0 25 1,187 2,223 94 25 3,504
1983 0 47 447 972 0 47 1,419
1984 0 24 239 422 0 24 661
1985 0 225 472 579 0 225 1,051
1986 0 0 0 303 0 0 303
1987 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0
1989 0 0 0 1,165 0 0 1,165
1990 0 0 0 1,432 396 0 1,828
1991 0 0 0 1,731 261 0 1,992
1992 0 0 0 0 0 0 0
1993 0 0 0 802 229 0 1,031
1994 0 0 0 868 364 0 1,232
1995 0 0 0 908 698 0 1,606
1996 0 0 0 635 264 0 899
1997 0 0 0 1,382 438 0 1,820
1998 0 0 71 308 82 0 461
1999 0 0 0 0 0 0 0
2000 0 0 0 0 99 0 99
2001 0 0 0 0 0 0 0
2002 0 0 0 0 0 0 0
2003 0 0 0 0 0 0 0
2004 0 0 0 0 0 0 0

73



Table 35. Commercial fishery conditional age-agtérbin compositions aggregated over all years.

Age Bin

Length
bin 1 2 3 4 5 9 10 11 12 13 14 15 16 17 18 19 20+

Southern area - Males
27 0.000 0.000 0.000 0.006 0.138 0.146 0.282 0.427000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
29 0.000 0.000 0.015 0.114 0.299 0.001 0.159 0.301066 0.010 0.020 0.003 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
31 0.000 0.000 0.033 0.000 0.000 0.023 0.152 0.581159 0.060 0.000 0.011 0.030 0.002 0.000 0.000 000.00.000 0.000 0.000
33 0.000 0.000 0.000 0.232 0.000 0.314 0.018 0.00061 0.044 0.072 0.054 0.093 0.041 0.000 0.062 000.00.000 0.000 0.000
35 0.000 0.000 0.000 0.000 0.920 0.000 0.000 0.00006 0.000 0.000 0.074 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
37 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 000.00.000 0.000 0.000

Northern area - Males
15 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
17 0.596 0.000 0.000 0.000 0.221 0.000 0.182 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
21 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
23 0.000 0.080 0.242 0.000 0.198 0.000 0.479 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
25 0.000 0.039 0.087 0.325 0.113 0.010 0.158 0.26800 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
27 0.000 0.011 0.147 0.318 0.074 0.187 0.094 0.10033 0.022 0.015 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
29 0.000 0.002 0.030 0.110 0.156 0.200 0.095 0.18988 0.099 0.037 0.024 0.001 0.006 0.001 0.016 000.00.000 0.000 0.000
31 0.000 0.000 0.015 0.071 0.101 0.148 0.126 0.102104 0.145 0.082 0.049 0.026 0.014 0.002 0.003 000.00.000 0.000 0.000
33 0.000 0.000 0.008 0.053 0.069 0.104 0.097 0.107189 0.160 0.076 0.055 0.038 0.020 0.006 0.007 000.00.000 0.000 0.000
35 0.000 0.000 0.000 0.066 0.065 0.082 0.114 0.00509 0.118 0.138 0.083 0.059 0.028 0.042 0.000 000.00.000 0.000 0.000
37 0.000 0.000 0.012 0.000 0.284 0.151 0.160 0.088039 0.076 0.030 0.031 0.080 0.091 0.000 0.000 000.00.000 0.000 0.000
39 0.000 0.000 0.000 0.000 0.000 0.366 0.000 0.184000 0.426 0.000 0.074 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
41 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
43 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
Southern area - Females
27 0.000 0.000 0.398 0.085 0.438 0.079 0.000 0.00000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
29 0.000 0.023 0.364 0.195 0.192 0.141 0.037 0.00943 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
31 0.000 0.010 0.175 0.199 0.168 0.187 0.085 0.084111 0.026 0.002 0.002 0.000 0.000 0.000 0.000 000.00.000 0.000 0.000
33 0.000 0.000 0.066 0.143 0.186 0.164 0.133 0.127104 0.008 0.037 0.000 0.031 0.000 0.000 0.000 000.00.000 0.000 0.000
35 0.000 0.000 0.024 0.094 0.083 0.146 0.167 0.199099 0.102 0.044 0.044 0.019 0.000 0.000 0.000 000.00.000 0.000 0.000
37 0.000 0.000 0.000 0.042 0.077 0.153 0.158 0.168189 0.042 0.089 0.044 0.009 0.004 0.025 0.000 000.00.000 0.000 0.000
39 0.000 0.000 0.000 0.082 0.067 0.115 0.079 0.12960 0.220 0.097 0.087 0.007 0.057 0.000 0.000 000.00.000 0.000 0.000
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Table 35 continued. Commercial fishery conditiomgé-at-length bin compositions aggregated oveyeals.

Age Bin
Length
bin 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 120+
Southern area- Females
41 0.000 0.000 0.000 0.022 0.010 0.131 0.184 0.02913 0.114 0.051 0.091 0.199 0.036 0.000 0.000000.00.000 0.000 0.000
43 0.000 0.000 0.000 0.000 0.000 0.012 0.339 0.08900 0.004 0.050 0.173 0.331 0.000 0.000 0.000000.00.000 0.000 0.000
45 0.000 0.000 0.000 0.000 0.149 0.000 0.000 0.22800 0.000 0.000 0.167 0.347 0.114 0.000 0.000000.00.000 0.000 0.000
Northern area - Females
15 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.00O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
23 0.000 0.248 0.677 0.011 0.065 0.000 0.000 0.00O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
25 0.000 0.023 0.303 0.421 0.222 0.014 0.002 0.00000 0.015 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
27 0.000 0.007 0.174 0.342 0.287 0.112 0.060 0.00.001 0.003 0.000 0.002 0.000 0.001 0.000 0.000000.00.000 0.000 0.000
29 0.000 0.008 0.134 0.268 0.288 0.173 0.083 0.0BD09 0.005 0.001 0.000 0.001 0.000 0.000 0.000000.00.000 0.000 0.000
31 0.000 0.002 0.066 0.216 0.298 0.214 0.111 0.05622 0.009 0.003 0.001 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
33 0.000 0.000 0.026 0.139 0.293 0.241 0.155 0.07643 0.015 0.006 0.003 0.001 0.000 0.000 0.001000.00.000 0.000 0.000
35 0.000 0.000 0.010 0.078 0.207 0.265 0.207 0.1@H67 0.034 0.013 0.007 0.003 0.001 0.001 0.000000.00.000 0.000 0.000
37 0.000 0.000 0.002 0.038 0.125 0.196 0.213 0.18818 0.067 0.027 0.014 0.007 0.002 0.002 0.000010.00.000 0.000 0.000
39 0.000 0.000 0.001 0.015 0.073 0.122 0.179 0.18881 0.092 0.073 0.038 0.022 0.011 0.003 0.002020.00.002 0.000 0.000
41 0.000 0.000 0.000 0.008 0.020 0.081 0.142 0.14467 0.184 0.116 0.064 0.034 0.016 0.014 0.003020.00.002 0.005 0.000
43 0.000 0.000 0.000 0.009 0.026 0.032 0.072 0.10966 0.173 0.144 0.107 0.068 0.024 0.020 0.025000.00.002 0.000 0.013
45 0.000 0.000 0.000 0.033 0.029 0.053 0.034 0.0B5327 0.160 0.173 0.142 0.064 0.030 0.007 0.041130.0.026 0.003 0.013
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Table 36. Sampling information from historical l&imdrequency observations from
Demory and Bailey (1967) used for the northern.area

Assumed
PMFC number of Number of
Year area  samples fish
1949 2C 6 288
1949 3A 4 201
1950 2B 16 802
1950 2C 21 1,062
1950 2D 71 3,556
1951 2D 46 2,313
1951 3B 12 600
1960 2D 21 1,056
1960 3A 8 407
1961 2D 23 1,153
1961 3B 10 477
1963 2C 2 99
1963 2D 10 500
1964 2C 2 101
1964 2D 54 2,711
1964 3A 4 208
1965 2B 2 100
1965 2D 58 2,892
1965 3B 2 100

Table 37. Sampling information from historical aafelength observations from Demory
and Bailey (1967) used for the northern area.

Assumed
PMFC number of Number of
Year area  samples fish
1948 2D 11 547
1948 3A 1 22
1949 2D 9 437
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Table 38. Female length compositions from the hisgbcommercial fishery in the north.

each area and year.

Proportisusn to one over both sexes in

Length bin lower edge

Year Area 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 435+
Females

1949 2C 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.000 0.028 0.139 0.295 0.226 0.153 10.10.031 0.017
1949 3A 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.025 0.050 0.085 0.075 0.119 0.159 50.08.114 0.095
1950 2B 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.001 0.011 0.091 0.167 0.242 0.209 0.146 50.06.021 0.005
1950 2C 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.002 0.019 0.072 0.187 0.247 0.212 0.125 70.08.016 0.005
1950 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.002 0.016 0.067 0.130 0.177 0.152 0.124 30.00.047 0.027
1951 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.000010 0.003 0.015 0.052 0.115 0.138 0.162 0.147 60.09.045 0.028
1951 3B 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.000 0.000 0.003 0.030 0.045 0.122 0.148 00.16.098 0.098
1960 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000010 0.010 0.064 0.197 0.305 0.205 0.122 0.055 20.0RP.014 0.004
1960 3A 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.000 0.002 0.039 0.233 0.349 0.167 0.081 20.06.039 0.037
1961 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.001 0.004 0.058 0.286 0.276 0.206 0.070 40.06.027 0.018
1961 3B 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.000 0.008 0.067 0.159 0.235 0.270 0.132 50.06.042 0.021
1963 2C 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.040 0.192 0.232 0.232 0.212 0.071 00.00.010 O0.010
1963 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.000 0.002 0.098 0.208 0.172 0.124 0.118 60.08.044 0.030
1964 2C 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.000 0.050 0.267 0.277 0.168 0.020 00.00.010 0.000
1964 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.002 0.019 0.113 0.195 0.176 0.131 0.077 30.08.018 0.008
1964 3A 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.019 0.135 0.135 0.139 0.154 0.087 90.00.024 0.019
1965 2B 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.000 0.010 0.160 0.250 0.240 0.200 00.0@.000 0.000
1965 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.001 0.031 0.163 0.245 0.190 0.102 0.059 20.08.015 0.009
Males

1949 3A 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.000 0.010 0.055 0.095 0.035 0.000 0.000 00.00.000 0.000
1950 2B 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.004 0.005 0.021 0.016 0.004 0.000 0.001 00.00.000 0.000
1950 2C 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.001 0.021 0.037 0.013 0.005 0.003 0.000 00.00.000 0.000
1950 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.003 0.032 0.069 0.059 0.018 0.003 0.001 00.00.000 0.000
1951 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.003 0.007 0.058 0.085 0.038 0.006 0.001 10.00.000 0.000
1951 3B 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.002 0.035 0.125 0.110 0.030 0.003 00.00.000 0.000
1963 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.006 0.042 0.040 0.022 0.004 0.000 40.00.000 0.000
1964 2C 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.000 0.010 0.109 0.050 0.020 0.010 00.00.000 0.000
1964 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000010 0.009 0.048 0.075 0.057 0.022 0.005 0.002 00.00.000 0.000
1964 3A 0.000 0.000 0.000 0.000 0.000 0.000 0.0000000 0.005 0.034 0.135 0.067 0.029 0.000 0.000 00.00.000 0.000
1965 2B 0.000 0.000 0.000 0.000 0.000 0.000 0.000000 0.000 0.000 0.010 0.020 0.020 0.000 0.010 00.00.010 0.000
1965 2D 0.000 0.000 0.000 0.000 0.000 0.000 0.0000020 0.010 0.036 0.058 0.037 0.010 0.000 0.000 00.00.000 0.000
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Table 39. Historical commercial fishery conditioagle-at-length bin compositions from the north aggted over all years and areas.

Age Bin

Length

bin 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 120+
Females

25 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.02O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
27 0.000 0.000 0.500 0.250 0.250 0.000 0.000 0.02O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
29 0.000 0.033 0.267 0.433 0.200 0.067 0.000 0.02O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
31 0.000 0.000 0.143 0.446 0.304 0.089 0.018 0.02000 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
33 0.000 0.000 0.044 0.221 0.336 0.265 0.124 0.00000 0.009 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
35 0.000 0.000 0.000 0.088 0.213 0.390 0.206 0.0r822 0.007 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
37 0.000 0.000 0.000 0.060 0.156 0.269 0.263 0.18054 0.012 0.006 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
39 0.000 0.000 0.000 0.000 0.061 0.193 0.377 0.22805 0.009 0.026 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
41 0.000 0.000 0.000 0.010 0.039 0.098 0.284 0.28316 0.069 0.020 0.020 0.010 0.000 0.000 0.000000.00.000 0.000 0.000
43 0.000 0.000 0.000 0.000 0.000 0.049 0.232 0.1®380 0.171 0.061 0.012 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
45 0.000 0.000 0.000 0.000 0.000 0.020 0.102 0.12204 0.245 0.184 0.082 0.020 0.000 0.000 0.000000.00.000 0.000 0.000
Males

25 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.02O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
27 0.000 0.000 0.000 0.400 0.200 0.200 0.200 0.02O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
29 0.000 0.000 0.000 0.250 0.458 0.250 0.000 0.0AR00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
31 0.000 0.000 0.041 0.184 0.265 0.265 0.143 0.06020 0.020 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
33 0.000 0.000 0.000 0.078 0.255 0.235 0.235 0.11859 0.020 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
35 0.000 0.000 0.000 0.000 0.063 0.375 0.250 0.18825 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
37 0.000 0.000 0.000 0.000 0.000 0.000 0.200 0.4D@00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
39 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.0DO00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
41 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.02O00 0.000 0.000 0.000 0.000 0.000 0.000 0.000000.00.000 0.000 0.000
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Table 40. Description of all model parameters usdbe base case assessment model.

Number Bounds
Parameter estimated (low, high) Prior (Mean, SD)
Natural mortality - NA Fixed at 0.26
Stock and recruitment
Ln(Rzer() 1 (5,25) ~N(13,50)
Steepness 1 (0.2,1.0) ~N(0.80,50)
Sigma R - NA Fixed at 0.51
Ln(Recruitment deviations): 1877-2004 128 (-10, 10) ~Ln(N(0,Sigma R))
Catchability
Ln(Survey south) 1 (-5,0.0) ~N(-1,50)
Ln(Survey north) 1 (-5,0.0) ~N(-1,50)
Selectivity (double Logistic) and retention (Lodg$t
North and South Fisheries:
Initial selectivity - NA Fixed at 0.0
Ascending inflection (arcsin trans.) 1 (-10,10) OM(50)
Ascending slope - NA Fixed at 0.1
Length at peak selectivity 1 (25,45) ~N(33,50)
Final selectivity (arcsin trans.) - NA Fixed at 99
Inflection of retention 2 (25-35) ~N(30,50)
Slope of retention - NA Fixed at 1.42
Asymptote of retention - NA Fixed at 1.0
Block offsets for length at peak selectivity 4 (1) ~N(0,50)
(1981-1985,1986-1990,1991-1995,1996-2004)
North and South Surveys:
Initial selectivity - NA Fixed at 0.0
Ascending inflection (arcsin trans.) 2 (-10,10) ON(50)
Ascending slope 2 (0.001,10.0) ~N(0.2,50)
Length at peak selectivity 2 (20,45) ~N(40,50)
Final selectivity (arcsin trans.) - NA Fixed at 99
Individual growth
Females:
Length at age 2 1 (5,25) ~N(10,50)
Length at age 20 1 (25,55) ~N(35,50)
von Bertalanffy K 1 (0.01,1.5) ~N(0.12,50)
CV of length at age 2 1 (0.01,0.9) ~N(0.11,50)
Males:
Length at age 2 offset to females - NA Fixed at 0.0
Length at age 20 offset to females 1 (-5,5) ~Ngnp,
von Bertalanffy K offset to females 1 (-5,5) ~N(®0)
CV of length at age 2 offset to Females 1 (-5,5) (G-0150)
Both sexes:
Block offsets for von Bertalanffy K 4 (-10,10) ~N(1,50)

(1961-1970,1971-1980,1981-1990,1991-2004)

Total: 29+ 128 recruitment devs = 157 estimatedipaiers
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Table 41. Estimated English sole growth parameters.
Parameter Value SD
Females:
Length at age 2 (cm) 16.232 0.366
Length at age 20 (cm) 39.768 0.351
Von Bertalanffy K:

1876-1960 0.397 0.031
1961-1970 0.353 NA
1971-1980 0.279 NA
1981-1990 0.239 NA
1991-2004 0.233 NA
CV of length at age 0.101 0.002
Males:

Length at age 2 (cm) 16.232 0.366
Length at age 20 (cm) 23.869 NA
Von Bertalanffy K:

1876-1960 0.484 NA
1961-1970 0.430 NA
1971-1980 0.340 NA
1981-1990 0.291 NA
1991-2004 0.284 NA
CV of length at age 0.195 NA
Table 42. Estimated English sole stock-recruitnagt catchability parameters.
Parameter Value SD
Catchability:
Southern survey catchabilit®f  0.187 NA
Northern survey catchability))  0.582 NA
Stock-recruitment:
Ro 122,820 13,026
Steepnessj 0.834 0.157
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Table 43. Summary results of sensitivity analyses;text for description of each.

Sensitivity
Quantity Base case 1 2 3 4
Convergence
Log determinant Hessian 532.287 534.179 526.016 540.268 540.828
Maximum gradient component 0.010373 0.000411 0.022025 0.034880 0.011203
Likelihoods
Obijective function 2,257.0 2,253.0 2,084.9 2,263.0 2,266.0
Indices 41.8 41.1 22.6 44.2 44.9
Discard 24.9 244 26.3 26.3 25.7
Length frequencies 323.9 321.3 297.5 328.9 330.8
Age frequencies 1,831.9 1,832.1 1,703.8 1,832.0 1,832.8
Mean body weights 11 11 11 1.0 1.1
Recruitment 27.6 28.0 27.5 28.0 25.5
Priors 0.1 0.1 0.1 0.1 0.1
Penalties 0.0 0.0 0.0 0.0 0.0
Parameters
Stock-Recruit function
log Rzero 11.718 11.871 11.728 11.732 11.709
Steepness 0.834 0.760 0.776 0.831 0.877
Sigma R 0.360 0.360 0.360 0.360 0.360
Catchability, selectivity and retention
log survey south catchability -1.679 -1.706 -0.198 -1.633 -1.615
log survey north catchability -0.541 -0.579 NA -0.480 -0.480
Fishery peak selectivity 34.198 34.227 34.437 34.225 34.251
Fishery selectivity inflection 1.596 1.601 1.652 1.576 1.547
Fishery south retention inflection 30.528 30.548 30.516 30.557 30.572
Fishery north retention inflection 30.385 30.394 30.408 30.421 30.438
Survey south peak 39.762 39.724 28.510 39.584 39.780
Survey south inflection -0.499 -0.492 1.450 -0.482 -0.512
Survey south slope 0.628 0.624 0.061 0.607 0.631
Survey north peak 28.930 27.362 NA 28.431 28.840
Survey north inflection 1.128 1.647 NA 1.428 1.166
Survey north slope 0.423 0.031 NA 0.221 0.395
Fishery peak offset 1981-1985 -0.097 -0.100 -0.093 -0.095 -0.095
Fishery peak offset 1986-1990 -0.073 -0.075 -0.068 -0.071 -0.070
Fishery peak offset 1991-1995 -0.060 -0.061 -0.066 -0.061 -0.062
Fishery peak offset 1996-2004 -0.066 -0.068 -0.072 -0.068 -0.070
Individual growth
Female Imin 16.232 16.254 17.701 16.303 16.263
Female Imax 39.768 39.785 40.137 39.783 39.733
Female VBK 0.397 0.426 0.374 0.393 0.397
Female cv young 0.101 0.101 0.094 0.102 0.101
Male Imax offset -0.510 -0.513 -0.484 -0.510 -0.511
Male VBK offset 0.198 0.209 0.213 0.213 0.183
Male cv young offset 0.655 0.650 0.584 0.639 0.660
VBK offset 1961-1970 -0.117 -0.191 -0.120 -0.116 -0.119
VBK offset 1971-1980 -0.353 -0.427 -0.369 -0.351 -0.355
VBK offset 1981-1990 -0.507 -0.582 -0.542 -0.509 -0.510
VBK offset 1991-2004 -0.534 -0.606 -0.487 -0.546 -0.546
M anagement quantities
SBzero 34,312 42,268 35,763 34,661 33,923
Rzero 122,811 143,100 123,971 124,468 121,613
2005 spawning biomass 31,379 33,360 34,982 25,772 23,824
Current (2005) depletion 0.915 0.789 0.978 0.744 0.702
2004 Catch 1,341 1,342 1,346 1,328 1,345
2004 Landings 950 950 950 950 950
2004 SPR* 0.837 0.845 0.849 0.814 0.799
SBmsy* 5,696 8,134 7,120 5,783 4,876
SPRmsy* 0.238 0.310 0.280 0.242 0.201
MSY* 4,080 4,042 4,119 4,066 4,328
Bmsy/Bzero* 0.191 0.233 0.217 0.193 0.166
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Table 43 continued. Summary results of sensitiaiiglyses.

Sensitivity
Quantity Base case 5 6
Convergence
Log determinant Hessian 532.287 534.386 532.275
Maximum gradient component 0.010373 0.000801 0.000106
Likelihoods
Obijective function 2,257.0 2,257.4 2,257.3
Indices 41.8 418 41.9
Discard 24.9 251 25.0
Length frequencies 323.9 324.0 323.8
Age frequencies 1,831.9 1,831.8 1,831.9
Mean body weights 11 11 1.1
Recruitment 27.6 28.1 27.7
Priors 0.1 0.1 0.1
Penalties 0.0 0.0 0.0
Parameters
Stock-Recruit function
log Rzero 11.718 11.642 11.666
Steepness 0.834 0.995 0.933
Sigma R 0.360 0.360 0.360
Catchability, selectivity and retention
log survey south catchability -1.679 -1.680 -1.675
log survey north catchability -0.541 -0.556 -0.538
Fishery peak selectivity 34.198 34.187 34.188
Fishery selectivity inflection 1.596 1.591 1.594
Fishery south retention inflection 30.528 30.537 30.530
Fishery north retention inflection 30.385 30.391 30.389
Survey south peak 39.762 39.753 39.765
Survey south inflection -0.499 -0.500 -0.500
Survey south slope 0.628 0.626 0.628
Survey north peak 28.930 27.352 28.937
Survey north inflection 1.128 1.641 1.126
Survey north slope 0.423 0.033 0.424
Fishery peak offset 1981-1985 -0.097 -0.096 -0.096
Fishery peak offset 1986-1990 -0.073 -0.073 -0.073
Fishery peak offset 1991-1995 -0.060 -0.062 -0.061
Fishery peak offset 1996-2004 -0.066 -0.066 -0.066
Individual growth
Female Imin 16.232 16.213 16.226
Female Imax 39.768 39.775 39.770
Female VBK 0.397 0.399 0.399
Female cv young 0.101 0.101 0.101
Male Imax offset -0.510 -0.511 -0.511
Male VBK offset 0.198 0.200 0.198
Male cv young offset 0.655 0.655 0.656
VBK offset 1961-1970 -0.117 -0.124 -0.122
VBK offset 1971-1980 -0.353 -0.358 -0.356
VBK offset 1981-1990 -0.507 -0.513 -0.511
VBK offset 1991-2004 -0.534 -0.543 -0.540
M anagement quantities
SBzero 34,312 31,973 40,357
Rzero 122,811 113,812 116,576
2005 spawning biomass 31,379 19,662 30,954
Current (2005) depletion 0.915 0.615 0.767
2004 Catch 1,341 1,338 1,340
2004 Landings 950 950 950
2004 SPR* 0.837 0.792 0.836
SBmsy* 5,696 952 4,103
SPRmsy* 0.238 0.051 0.168
MSY* 4,080 5,012 4,568
Bmsy/Bzero* 0.191 0.049 0.145

82



Table 44. Convergence testing for the base caselrfuwglng version 1.16), based on a
jitter of 1% added to all model parameters from imasm likelihood estimates.

Objective Maximum

Test function gradient SBeromt) 2005 depletion

1 2,234.01 0.000287 40,638.2 0.722198

2 2,234.03 0.006103 40,623.7 0.729685

3 2,234.01 0.001154 40,638.2 0.722198

4 2,234.01 0.002755 40,638.3 0.722197

5 Terminated during minimization

6 2,234.03 0.000355 40,623.7 0.729685

7 Terminated during minimization

8 2,234.03 0.009240 40,623.7 0.729685

9 Terminated during minimization

10 2,234.03 0.004075 40,623.7 0.729685
11 2,234.01 0.003993 40,638.2 0.722198
12 2,234.03 0.000554 40,623.7 0.729685
13 2,234.01 0.001684 40,638.2 0.722198
14 2,234.03 0.000570 40,623.7 0.729685
15 2,234.03 0.004539 40,623.7 0.729685
16 2,234.01 0.000407 40,638.2 0.722198
17 Terminated during minimization

18 2,234.03 0.001673 40,623.7 0.729685
19 2,234.03 0.000080 40,623.7 0.729685
20 2,234.03 0.000945 40,623.7 0.729685
21 2,234.03 0.017344 40,623.8 0.729684
22 2,234.01 0.000449 40,638.2 0.722198
23 2,234.01 0.034397 40,638.2 0.722198
24 2,234.01 0.000998 40,638.2 0.722198
25 2,234.01 0.014333 40,638.2 0.722197
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Table 45. Time series of population estimates.

Total biomass Spawning biomass Age-0 recruits Total catch Total landings
Year (mt) (mt) Depletion (1000s) (mt) (mt)
1876 63,642 34,312 1.00 122,817 1 1
1877 63,556 34,311 1.00 116,936 1 1
1878 63,482 34,311 1.00 116,936 1 1
1879 63,339 34,310 1.00 116,936 2 2
1880 63,069 34,299 1.00 116,934 2 2
1881 62,723 34,195 1.00 116,916 2 2
1882 62,361 33,996 0.99 116,882 3 3
1883 62,023 33,769 0.98 116,842 5 4
1884 61,726 33,554 0.98 116,804 5 4
1885 61,477 33,368 0.97 116,771 6 5
1886 61,271 33,213 0.97 116,742 7 6
1887 61,102 33,085 0.96 116,719 8 7
1888 60,965 32,981 0.96 116,699 10 9
1889 60,852 32,895 0.96 116,682 12 11
1890 60,759 32,824 0.96 116,668 15 13
1891 60,683 32,765 0.95 116,656 17 15
1892 60,619 32,716 0.95 116,645 20 18
1893 60,564 32,674 0.95 116,635 25 22
1894 60,515 32,636 0.95 116,626 31 27
1895 60,471 32,601 0.95 116,616 36 32
1896 60,430 32,569 0.95 116,606 43 38
1897 60,391 32,537 0.95 116,595 52 46
1898 60,350 32,504 0.95 116,582 63 55
1899 60,308 32,469 0.95 116,568 75 66
1900 60,262 32,430 0.95 116,552 90 79
1901 60,211 32,388 0.94 116,532 108 95
1902 60,153 32,338 0.94 116,508 130 114
1903 60,085 32,281 0.94 116,480 156 137
1904 60,006 32,214 0.94 116,446 188 165
1905 59,911 32,134 0.94 116,405 225 198
1906 59,800 32,039 0.93 116,355 270 237
1907 59,667 31,926 0.93 116,294 325 285
1908 59,508 31,791 0.93 116,221 390 342
1909 59,317 31,630 0.92 116,134 467 410
1910 59,089 31,436 0.92 116,031 561 492
1911 58,815 31,205 0.91 115,910 674 591
1912 58,487 30,926 0.90 115,769 809 709
1913 58,092 30,592 0.89 115,601 972 851
1914 57,618 30,191 0.88 115,394 1,168 1,021
1915 57,050 29,709 0.87 115,138 1,403 1,225
1916 56,366 29,131 0.85 114,831 2,815 2,454
1917 54,573 27,619 0.80 114,274 3,852 3,343
1918 52,162 25,569 0.75 113,513 3,123 2,692
1919 50,758 24,352 0.71 112,913 2,469 2,118
1920 50,154 23,835 0.69 112,485 1,710 1,464
1921 50,303 23,989 0.70 112,245 2,179 1,866
1922 50,022 23,828 0.69 111,869 3,151 2,698
1923 48,918 22,983 0.67 111,243 3,178 2,714
1924 47,921 22,195 0.65 110,593 4,101 3,491
1925 46,262 20,864 0.61 109,659 4,009 3,393
1926 44,904 19,776 0.58 108,707 3,857 3,247
1927 43,858 18,965 0.55 107,736 4,680 3,923
1928 42,234 17,721 0.52 106,476 4,134 3,442
1929 41,266 17,012 0.50 105,447 4,798 3,979
1930 39,827 15,962 0.47 104,061 3,721 3,066
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Table 45. Continued. Time series of populatiomestes.

Total biomass Spawning biomass Age-0 recruits Total catch Total landings
Year (mt) (mt) Depletion (1000s) (mt) (mt)
1931 39,449 15,763 0.459 103,058 1,920 1,581
1932 40,611 16,816 0.490 102,655 3,526 2,925
1933 40,179 16,684 0.486 101,298 3,331 2,766
1934 39,851 16,598 0.484 99,625 2,830 2,352
1935 39,896 16,795 0.489 97,888 3,208 2,672
1936 39,510 16,676 0.486 96,144 3,383 2,819
1937 38,907 16,394 0.478 95,055 3,140 2,616
1938 38,504 16,245 0.473 96,586 2,566 2,146
1939 38,661 16,443 0.479 104,953 3,014 2,527
1940 38,629 16,251 0.474 123,488 3,068 2,574
1941 38,937 15,971 0.465 142,966 2,224 1,862
1942 40,107 16,303 0.475 123,249 2,107 1,763
1943 42,115 16,884 0.492 122,935 3,705 3,079
1944 43,047 16,808 0.490 116,249 2,167 1,779
1945 44,631 18,420 0.537 74,012 1,909 1,582
1946 45,829 20,240 0.590 59,244 5,074 4,261
1947 43,292 19,491 0.568 59,925 3,366 2,832
1948 41,396 19,572 0.570 84,550 6,096 5,216
1949 36,372 16,848 0.491 98,802 3,576 3,070
1950 33,833 15,115 0.441 101,577 5,740 4,918
1951 30,214 11,625 0.339 91,007 4,236 3,505
1952 29,185 9,981 0.291 87,318 3,826 3,061
1953 29,179 9,597 0.280 86,853 2,877 2,271
1954 30,111 10,400 0.303 92,201 2,591 2,071
1955 31,582 11,380 0.332 130,392 2,804 2,276
1956 33,322 11,942 0.348 180,301 3,751 3,068
1957 33,447 11,650 0.340 103,637 4,412 3,580
1958 34,496 11,004 0.321 92,978 5,541 4,357
1959 35,760 10,519 0.307 117,333 5,467 4,158
1960 35,808 11,535 0.336 91,851 4,366 3,423
1961 39,254 12,893 0.376 314,404 4,200 3,383
1962 38,150 15,044 0.438 122,408 4,502 3,621
1963 38,985 14,056 0.410 85,337 4,578 3,597
1964 42,137 13,198 0.385 104,172 4,899 3,538
1965 43,788 15,234 0.444 115,914 5,190 3,883
1966 43,389 17,680 0.515 125,899 5,677 4,538
1967 40,943 17,225 0.502 82,739 5,319 4,326
1968 39,700 15,850 0.462 139,379 5,639 4,539
1969 38,389 14,390 0.419 160,647 3,872 3,061
1970 39,283 14,557 0.424 193,156 3,133 2,495
1971 40,707 14,915 0.435 126,386 2,897 2,292
1972 40,789 17,840 0.520 122,532 3,395 2,643
1973 41,527 17,737 0.517 119,964 3,896 2,970
1974 42,191 17,717 0.516 146,587 3,959 2,946
1975 42,448 17,520 0.511 145,983 4,645 3,494
1976 41,308 16,902 0.493 96,417 5,851 4,466
1977 38,946 15,320 0.446 69,184 3,805 2,867
1978 38,562 15,523 0.452 99,217 4,614 3,463
1979 36,390 15,322 0.447 78,607 4,796 3,631
1980 33,678 14,405 0.420 79,334 4,167 3,213
1981 31,367 13,142 0.383 75,487 3,894 2,711
1982 28,422 13,164 0.384 85,169 4,048 2,793
1983 26,103 11,129 0.324 104,545 3,486 2,355
1984 25,398 9,581 0.279 148,346 2,645 1,721
1985 25,269 8,916 0.260 100,736 3,061 1,930
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Table 45. Continued. Time series of populatiomestes.

Age-0 Total

Total Spawning recruits Total catch landings
Year biomass (mt) biomass (mt) Depletion (1000s) (mt) (mt)
1986 24,872 8,455 0.246 54,924 3,238 2,037
1987 24,948 8,473 0.247 75,151 4,136 2,471
1988 23,971 8,546 0.249 82,059 3,617 2,101
1989 22,965 8,700 0.254 77,529 3,947 2,412
1990 22,148 7,831 0.228 118,996 3,027 1,912
1991 21,792 7,337 0.214 94,162 3,404 2,185
1992 20,941 7,568 0.221 64,558 2,630 1,622
1993 20,894 7,771 0.226 52,134 2,675 1,601
1994 21,785 8,306 0.242 129,296 1,908 1,122
1995 24,146 9,149 0.267 210,815 1,817 1,125
1996 26,705 9,469 0.276 202,183 1,775 1,152
1997 29,448 9,856 0.287 137,126 2,327 1,504
1998 33,343 11,153 0.325 177,488 1,910 1,139
1999 39,740 14,198 0.414 317,501 1,582 912
2000 43,741 17,589 0.513 152,242 1,233 750
2001 48,245 20,661 0.602 120,796 1,533 990
2002 52,681 24,138 0.703 165,799 1,775 1,168
2003 54,755 27,873 0.812 120,123 1,306 877
2004 55,990 30,334 0.884 113,420 1,341 950
2005 56,134 31,379 0.915 114,578 NA NA
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Table 46. Asymptotic standard deviation estimabespawning biomass and

recruitment.

SD SD Age- SD SD Age-0 SD SD Age-0
Spawning O recruits Spawning recruits Spawning recruits

Year biomass (mt) (1000s) Year biomass (mt) (1000s) Year biomass (mt) (1000s)
1876 3,639 13,026 1926 4,487 39,281 1976 2,658 393,1
1877 3,639 44,049 1927 4,435 38,791 1977 2,619 560,9
1878 3,639 44,048 1928 4,383 38,188 1978 2,630 083,5
1879 3,639 44,048 1929 4,333 37,677 1979 2,636 143,5
1880 3,641 44,047 1930 4,277 37,021 1980 2,547 713,8
1881 3,723 44,035 1931 4,224 36,473 1981 2,404 613,9
1882 3,997 44,013 1932 4,172 36,102 1982 2,357 0%56,3
1883 4,318 43,988 1933 4,103 35,348 1983 2,198 488,5
1884 4,580 43,963 1934 4,036 34,430 1984 2,058 989,8
1885 4,763 43,942 1935 3,966 33,456 1985 1,969 254,8
1886 4,883 43,924 1936 3,889 32,474 1986 1,956 100,1
1887 4,957 43,908 1937 3,811 31,758 1987 2,034 602,3
1888 5,002 43,895 1938 3,725 32,144 1988 2,214 534,0
1889 5,027 43,884 1939 3,629 35,266 1989 2,354 513,3
1890 5,040 43,874 1940 3,518 42,452 1990 2,417 158,1
1891 5,045 43,865 1941 3,399 47,965 1991 2,458 626,0
1892 5,046 43,857 1942 3,279 40,774 1992 2,576 892,1
1893 5,045 43,850 1943 3,174 38,556 1993 2,428 442 .2
1894 5,042 43,843 1944 3,116 34,065 1994 2,339 029,1
1895 5,038 43,835 1945 3,132 21,349 1995 2,343 526,7
1896 5,034 43,827 1946 3,181 16,527 1996 2,341 964,5
1897 5,030 43,819 1947 3,202 17,565 1997 2,323 605,9
1898 5,026 43,809 1948 3,190 26,744 1998 2,409 4527
1899 5,022 43,798 1949 3,105 32,893 1999 2,632 179,3
1900 5,018 43,785 1950 2,950 32,083 2000 2,889 585,1
1901 5,015 43,770 1951 2,778 28,986 2001 3,093 989,0
1902 5,011 43,752 1952 2,667 27,364 2002 3,351 035,1
1903 5,008 43,731 1953 2,622 26,890 2003 3,721 1451
1904 5,004 43,705 1954 2,620 28,865 2004 3,945 132,0
1905 5,000 43,675 1955 2,572 42,591 2005 4,030 492 7
1906 4,996 43,638 1956 2,447 43,802

1907 4,991 43,594 1957 2,281 28,599

1908 4,986 43,542 1958 2,123 24,038

1909 4,980 43,480 1959 2,028 23,778

1910 4,973 43,408 1960 1,898 22,212

1911 4,964 43,325 1961 1,742 27,041

1912 4,955 43,229 1962 1,706 19,569

1913 4,943 43,117 1963 1,859 13,850

1914 4,930 42,982 1964 2,223 13,299

1915 4914 42,818 1965 3,218 14,412

1916 4,896 42,627 1966 3,332 15,295

1917 4.875 42,298 1967 3,066 14,779

1918 4,848 41,871 1968 2,884 18,713

1919 4,815 41,538 1969 2,800 23,756

1920 4,782 41,295 1970 2,761 27,646

1921 4,748 41,146 1971 2,657 23,113

1922 4,707 40,927 1972 2,776 19,307

1923 4,656 40,587 1973 2,720 17,537

1924 4,600 40,237 1974 2,713 18,395

1925 4. 542 39,760 1975 2,675 17,361
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Table 47. Preliminary sensitivity runs using vens®S2 version 1.6.

Sensitivity
Quantity Base case model a b c d e
Convergence
Log determinant Hessian 388.341 388.286 388.53 7384. 391.228 387.402
Maximum gradient component 0.000071 0.004034 0.2686 0.027526 0.000351 0.003242
Likelihoods
Objective function 2,234.0 2,234.0 2,233.9 2,211.4 2,265.1 2,208.0
Indices 44.4 44.4 44.3 43.9 44.6 41.1
Discard 26.9 26.9 26.8 26.9 27.9 26.7
Length frequencies 321.8 321.8 322.0 315.3 3321  4.130
Age frequencies 1,825.4 1,825.5 1,825.3 1,809.9 45118 1,821.2
Mean body weights 1.0 1.0 1.0 1.0 1.1 1.0
Recruitment 14.4 14.4 14.5 14.5 14.2 13.8
Priors 0.1 0.1 0.1 0.1 0.1 0.1
Penalties 0.0 0.0 0.0 0.0 0.0 0.0
Parameters
Stock-Recruit function
log Rzero 11.867 11.861 11.888 12.268 11.477 11.731
Steepness 0.729 0.735 0.707 0.620 0.848 0.855
Sigma R 0.510 0.510 0.510 0.510 0.510 0.510
Catchability, selectivity and
retention
log survey south catchability -1.676 -1.676 -1.680 -1.792 -1.580 -1.677
log survey north catchability -0.504 -0.503 -0.507  -0.611 -0.417 -0.578
Fishery peak selectivity 34.150 34.148 34.155 32.30 34.039 34.159
Fishery selectivity inflection 1.616 1.616 1.617 6493 1.504 1.595
Fishery south retention inflection 30.555 30.554 .538 30.534 30.564 30.596
Fishery north retention inflection 30.375 30.376 36 30.335 30.421 30.404
Survey south peak 39.297 39.298 39.289 38.768 89.49 32.006
Survey south inflection -0.449 -0.449 -0.448 -0.377 -0.494 0.224
Survey south slope 0.590 0.590 0.589 0.584 0.594 5580.
Survey north peak 28.415 28.415 28.415 28.502 28.33 28.371
Survey north inflection 1.558 1.558 1.559 1.598 09.5 1.513
Survey north slope 0.036 0.036 0.035 0.028 0.081 0610.
Fishery peak offset 1981-1985 -0.090 -0.090 -0.090 -0.095 -0.084 -0.090
Fishery peak offset 1986-1990 -0.071 -0.071 -0.071 -0.077 -0.064 -0.069
Fishery peak offset 1991-1995 -0.052 -0.052 -0.052 -0.053 -0.054 -0.055
Fishery peak offset 1996-2004 -0.065 -0.065 -0.065 -0.070 -0.060 -0.068
Individual growth
Female Imin 16.427 16.426 16.432 16.607 16.238 556.4
Female Imax 39.782 39.780 39.786 39.899 39.665 989.8
Female VBK 0.404 0.404 0.402 0.383 0.428 0.404
Female cv young 0.102 0.102 0.102 0.103 0.101 0.102
Male Imax offset -0.507 -0.507 -0.507 -0.480 -0.532 -0.503
Male VBK offset 0.237 0.237 0.238 0.146 0.326 0.253
Male cv young offset 0.613 0.613 0.612 0.569 0.656 0.594
VBK offset 1961-1970 -0.151 -0.152 -0.148 -0.127 183 -0.163
VBK offset 1971-1980 -0.386 -0.386 -0.383 -0.363 A1 -0.398
VBK offset 1981-1990 -0.540 -0.540 -0.537 -0.518 568 -0.551
VBK offset 1991-2004 -0.582 -0.583 -0.579 -0.553 613 -0.586
M anagement quantities
SBzero 40,638 40,433 41,412 42,076 40,683 35,927
Rzero 142,472 141,690 145,481 212,798 96,471 124,331
2005 spawning biomass 29,349 29,290 29,566 31,724 7,832 28,735
Current (2005) depletion 0.722 0.724 0.714 0.754 684. 0.800
2004 Catch 1,298 1,298 1,298 1,302 1,300 1,295
2004 Landings 950 950 950 950 950 950
2004 SPR* 0.838 0.838 0.839 0.869 0.802 0.837
SBmsy* 8,418 8,277 8,943 10,399 6,529 5,429
SPRmsy* 0.333 0.328 0.351 0.419 0.238 0.223
Exploitation rate at msy* 0.133 0.136 0.124 0.103 .180 0.209
MSY* 3,807 3,830 3,723 3,869 3,830 4,269
Bmsy/Bzero* 0.245 0.242 0.255 0.286 0.193 0.180
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Table 47 Continued. Preliminary sensitivity rungigsversion SS2 version 1.6.

Sensitivity
Base case
Quantity model f g h i
Convergence
Log determinant Hessian 388.341 385.255 357.563 .9382 355.809
Maximum gradient component 0.000071 0.017344 0.2200 0.001193 0.006873
Likelihoods
Objective function 2,234.0 2,145.8 2,359.2 2,4449 2,2449
Indices 44.4 13.1 39.6 41.5 44.6
Discard 26.9 27.2 21.6 151.0 24.0
Length frequencies 321.8 319.7 374.3 381.2 338.2
Age frequencies 1,825.4 1,771.4 1,907.7 1,849.5 22198
Mean body weights 1.0 1.0 1.0 2.5 1.1
Recruitment 14.4 13.3 14.9 19.1 14.1
Priors 0.1 0.1 0.1 0.1 0.1
Penalties 0.0 0.0 0.0 0.0 0.0
Parameters
Stock-Recruit function
log Rzero 11.867 11.714 12.135 11.655 11.840
Steepness 0.729 0.868 0.580 0.733 0.796
Sigma R 0.510 0.510 0.510 0.510 0.510
Catchability, selectivity and retention
log survey south catchability -1.676 -1.545 -1.924 -1.524 -1.649
log survey north catchability -0.504 -0.376 -0.799 -0.391 -0.475
Fishery peak selectivity 34.150 34.165 35.736 3».02 32.701
Fishery selectivity inflection 1.616 1.604 1.582 9@4 1.561
Fishery south retention inflection 30.555 30.519 .682 27.077 30.701
Fishery north retention inflection 30.375 30.397 333 27.077 30.464
Survey south peak 39.297 39.266 40.038 39.779 89.26
Survey south inflection -0.449 -0.440 -0.629 -0.533  -0.437
Survey south slope 0.590 0.584 0.663 0.629 0.589
Survey north peak 28.415 28.580 27.224 27.468 B3.43
Survey north inflection 1.558 1.566 1.540 1.604 69.5
Survey north slope 0.036 0.027 0.037 0.021 0.036
Fishery peak offset 1981-1985 -0.090 -0.098 -0.152 -0.084 0.000
Fishery peak offset 1986-1990 -0.071 -0.069 -0.134 -0.090 0.000
Fishery peak offset 1991-1995 -0.052 -0.057 -0.113 -0.027 0.000
Fishery peak offset 1996-2004 -0.065 -0.063 -0.138 -0.130 0.000
Individual growth
Female Imin 16.427 16.718 16.207 16.143 16.441
Female Imax 39.782 39.899 38.876 39.632 39.777
Female VBK 0.404 0.409 0.281 0.419 0.427
Female cv young 0.102 0.098 0.112 0.100 0.102
Male Imax offset -0.507 -0.506 -0.501 -0.534 -0.505
Male VBK offset 0.237 0.208 0.315 0.237 0.189
Male cv young offset 0.613 0.638 0.547 0.712 0.621
VBK offset 1961-1970 -0.151 -0.163 0.000 -0.132 198
VBK offset 1971-1980 -0.386 -0.400 0.000 -0.359 441
VBK offset 1981-1990 -0.540 -0.555 0.000 -0.522 663
VBK offset 1991-2004 -0.582 -0.569 0.000 -0.569 643
M anagement quantities
SBzero 40,638 35,842 48,606 32,979 41,198
Rzero 142,472 122,259 186,186 115,289 138,621
2005 spawning biomass 29,349 23,855 38,252 26,613 8,772
Current (2005) depletion 0.722 0.666 0.787 0.807 699.
2004 Catch 1,298 1,314 1,298 1,043 1,298
2004 Landings 950 950 950 950 950
2004 SPR* 0.838 0.802 0.874 0.854 0.835
SBmsy* 8,418 5,252 14,724 6,703 7,211
SPRmsy* 0.333 0.210 0.429 0.325 0.282
Exploitation rate at msy* 0.133 0.222 0.103 0.136 .166
MSY* 3,807 4,402 4,551 3,116 4,132
Bmsy/Bzero* 0.245 0.172 0.303 0.239 0.217
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Table 48. Comparison of likelihood components fizase case model and aggregated
survey sensitivity run (2). Bold values indicateedily comparable quantities.

Likelihood component Base case model Aggregatecegur
Total negative log likelihood 2,256.95 2,220.38
Total indices 41.82 24.90
South survey 19.45 NA
North survey 22.36 24.90
Total discard 24.88 41.43
South fishery 7.09 6.95
North fishery 17.80 34.48
Total length comps 323.93 295.12
South fishery 58.13 58.06
North fishery 167.16 169.48
South survey 48.92 NA
North survey 49.73 67.58
Total age comps 1,831.92 1,826.55
South fishery 364.25 365.21
North fishery 1,372.77 1,366.24
South survey NA NA
North survey 94.91 95.10
Mean body weight 1.14 1.16
Recruitment variability 27.65 25.57
Parameter priors 0.06 0.06
Forecast (and recent)
recruitment variability 5.54 5.61

90



Table 49. Projection of potential English sole bagpawning biomass and depletion for
the base case model.

Total Total Spawning

catch landings biomass
Year (mt) 95% interval (mt) (mt) 95% interval Depletion 95% interval
2005 10,215 7,656-12,774 7,545 31,379 23,480-39,278 50.91 0.645-1.184
2006 8,249 6,264-10,234 6,002 24,908 18,843-30,973 0.726 0.518-0.934
2007 6,773 5,142-8,404 4,813 20,080 15,126-25,034 0.585 0.419-0.752
2008 5,701 4,280-7,122 3,938 16,645 12,341-20,949 0.485 0.345-0.625
2009 4,972 3,671-6,272 3,318 14,418 10,453-18,383 0.420 0.294-0.546
2010 4,451 2,917-5,985 2,874 13,121 9,294-16,948 0.382 .26200.503
2011 4,122 2,707-5,538 2,607 12,434 8,854-16,014 0.362 0.248-0.476
2012 3,945 2,599-5,291 2,473 12,076 8,669-15,483 0.352 .24000.464
2013 3,836 2,539-5,132 2,397 11,861 8,600-15,122 0.346 0.234-0.457
2014 3,759 2,498-5,019 2,347 11,714 8,571-14,857 0.341 0.229-0.454
2015 3,701 2,464-4,939 2,311 11,607 8,550-14,664 0.338 0.225-0.451
2016 3,659 2,433-4,885 2,284 11,530 8,529-14,531 0.336 .22200.450
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Table 50. Decision table as requested by the Spael.

State of nature

Low recruitment

Low recruitment

Base case after 1998 after 1997
Subjectiverdative probability Most likely Unlikely Least likely
Approximate probability that spawning
biomass < spawning biomass for the 0.5 0.08 0.03
assumed state of nature
Management decision Quantity Year
2005 0.91 0.74 0.70
2006 0.92 0.74 0.71
2007 0.91 0.74 0.70
Depletion 2008 0.89 0.72 0.69
2009 0.86 0.71 0.69
2010 0.83 0.70 0.68
3-year average landings 2016 0.73 0.68 0.68
South = 87 mt, North = 911 mt 2005 31 26 24
Spauning 2006 2 2 2
b('fg(])%sss 2008 30 25 24
2009 29 25 23
m) 2010 28 24 23
2016 25 24 23
2005 0.91 0.74 0.70
2006 0.89 0.71 0.67
2007 0.86 0.68 0.64
Depletion 2008 0.81 0.64 0.61
2009 0.76 0.61 0.58
2010 0.72 0.59 0.56
200% of 3-year average landings 2016 0.57 0.51 0.49
South = 174 mt, North = 1,822 mt 2005 31 26 24
; 2006 31 25 23
priJgr\:]vglsnSg 2007 29 24 22
(1000s 2008 28 22 21
2009 26 21 20
m) 2010 25 20 19
2016 19 18 17
2005 0.91 0.74 0.70
2006 0.73 0.55 0.50
2007 0.59 0.41 0.37
Depletion 2008 0.49 0.32 0.28
2009 0.42 0.27 0.22
2010 0.38 0.24 0.19
2016 0.34 0.18 0.10
2005 31 26 24
Spawning 2006 25 19 17
ABC landings estimated from base biomass 2007 20 14 12
2008 17 11 9
case (1000s 2009 14 9 7
m) 2010 13 8 6
2016 12 6 3
2005 7,545
2006 6,002
Landed 2007 4,813
catch 2008 3,938
(mt) 2009 3,318
2010 2,874
2016 2,284
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Table 51. Supplementary management table; projecfithe English sole relative
depletion and spawning biomass under a constartt cat-3,100 mt using the base case
model.

Year Total catch (mt)  Relative depletion  Spawnimgass (mt)

2005 3,083 0.91 31,379
2006 3,028 0.89 30,387
2007 2,994 0.84 28,807
2008 2,981 0.78 26,918
2009 2,995 0.73 25,077
2010 3,030 0.68 23,476
2011 3,072 0.64 22,117
2012 3,111 0.61 20,961
2013 3,147 0.58 19,975
2014 3,179 0.56 19,127
2015 3,209 0.54 18,393
2016 3,237 0.52 17,751
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11. Figures

Figure 1. INPFC and data areas used in this assessm
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Figure 2. Reconstructed historical landings by yeat area used in the base case run,
1876-2004.
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Figure 3. Average ex-vessel price per pound forliEngole from PacFIN; raw (open
circles) and Consumer Price Index adjusted to ¥eeage of 1982-1984 (filled circles).
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Figure 4. English sole logbook landings from 19802 summarized by depth and
latitude for the commercial bottom trawl fisheryoitzontal lines indicate INPFC
boundaries. Catches plotted at 140 fathoms incilidgreater depths.
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Figure 5: Change in body size with increasing dépthith a piecewise regression.

Vertical lines indicate revised strata boundaries.
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Figure 6: Standardized Triennial survey CPUE in@einper 50 tows (all years
combined) by latitude. Vertical lines indicate INPBrea boundaries.
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Figure 7: Biomass estimates and 95% sampling ertenval from the triennial survey.
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Figure 8: Comparison of traditional and post-stiediestimates of area and year specific
biomass and coefficient of variation of biomassririmiennial survey data. One-to-one
lines plotted (dark); note that the difference frtha 1:1 line in the upper panel is due to
exclusion of the biomass in the deepest strata thentraditional estimates.
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Figure 9. Length frequency distributions for femBleglish sole from the Triennial
survey in the south.
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Figure 10. Length frequency distributions for malglish sole from the Triennial survey
in the south.
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Figure 11. Length frequency distributions for feenkhglish sole from the Triennial
survey in the north.
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Figure 12. Length frequency distributions for malglish sole from the Triennial survey
in the north.
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Figure 13: Fitted female maturity at length froemfle English sole collected by the

1995 triennial survey; data from Sampson and Akilyi{1999).
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Figure 14. Conditional age-at-length distribution female English sole collected from
the 1995 Triennial survey.
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Figure 15: Fitted weight at length relationship Eorglish sole. The northern and
southern areas are plotted separately, but wenetfitthe same model parameters.
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Figure 16. Externally fitted retention curve baseddata collected by the Pikitch study
1985-1988.
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Figure 17. Surface and interopercular age agreement
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Figure 18. Between reader agreement of interopmragles.
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Figure 19: Estimates of between reader standarnatitavand fitted linear trend used to
describe ageing error from interopercular agebenaissessment model.
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Figure 20. Conditional age-at-length distribution female English sole sampled from
the commercial fishery in the south aggregated ailgrears.
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Figure 21. Conditional age-at-length distribution male English sole sampled from the
commercial fishery in the south aggregated oveyesrs.
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Figure 22. Conditional age-at-length distribution female English sole sampled from
the commercial fishery in the north aggregated alleyears.
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Figure 23. Conditional age-at-length distribution male English sole sampled from the
commercial fishery in the north aggregated oveyedirs.
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Figure 24. Historical fishery length distributioor ffemale English sole in the north by
year and PMFC area.
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Figure 25. Historical fishery length distributioor fmale English sole in the north by year

and PMFC area.
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Figure 26. Conditional age-at-length distribution female English sole sampled from
the historical commercial fishery in the north aegated over all years and areas.
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Figure 27. Conditional age-at-length distribution male English sole sampled from the
historical commercial fishery in the north aggregabver all years and areas.
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Figure 28. Prior distributions for steepnesls floninformative, and two interpretations of
the distribution described by Myers et al. (1998)the family Pleuronectidae (Mean,

SD).
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Figure 29. Prior distributions for natural mortglihoninformative, and an estimate based
on the analysis of Gunderson and Dygert (1988)agpioximated by a normal

distribution with mean = 0.329, SD = 0.091.
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Figure 30. Change in length at 50% maturity intibee case model. Line indicates the

estimate from the 1950s.
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Figure 31. Estimated change in the von Bertalakffyarameter for female English sole.
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Figure 32. Growth curve for females (upper linej amles with ~95% interval for

individual variability in length at age for the tagar of the model.
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Figure 33. Observed and effective sample sizesdaditional age at length bin
observations from the commercial fishing fleets.
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Figure 34. Age frequency at length bin observati®earson residuals, observed and
effective sample sizes from the triennial surveyjget in 1995.
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Figure 35. Estimated selectivity and retention egrfor the base case model. Note that
the selectivity curve for the southern fleet refffeselectivity for both fleets at the end of
the modeled time period, the northern fleet reflestlectivity for both fleets at the
beginning of the modeled time period. Retentiorvesrare time invariant.
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Figure 36. Fit to the northern survey female (upmerel) and male (lower panel) length
frequencies.
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Figure 37. Fit to the southern survey female (umagrel) and male (lower panel) length
frequencies.
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Figure 38. Observed and effective sample sizeth@onorthern (upper panel) and
southern (lower panel) survey length frequenciezgs combined).
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Males

Figure 39. Pearson residuals for the northern guergth frequencies.
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Males

Figure 40. Pearson residuals for the southern guevigth frequencies.
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Figure 41. Fit to southern (top panel) and nortlfbaitom panel) survey indices of

abundance.
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Figure 42. Observed and effective sample sizeefgth frequencies from the southern
and northern commercial fishery fleets.
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Figure 42
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Figure 43

fleet.
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Figure 44. Pearson residuals for the fit to leriggquencies for females from the
southern fleet.
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Figure 45.

fleet.
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Figure 46. Fit to female length frequency obseovest from the northern commercial
fishery fleet.
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Figure 47. Fit to male length frequency observetitvom the northern commercial
fishery fleet.
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Figure 48. Pearson residuals for length frequerfermsiles (upper panel) and males
(lower panel) from the northern commercial fishBegt.
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Figure 49. Fit to discard fraction and mean bodighiedata.
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Figure 50. Time series of estimated depletion lel874-2005.
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Figure 51. Time series of estimated English sodeuiments.
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Figure 52. Stock-recruit function with predictedmatments.
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Figure 53. Time series of estimated total catclriidon and southern fleets shown as
light lines; southern fleet is the lower line ovlee period 1940+.
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Figure 54. Time series of estimated discards. Montland southern fleets shown as light
lines; southern fleet is the lower line over theiquk 1940+.
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Figure 55. Time series of estimated discard fradbip weight, plotted are total (line with
markers), southern and northern fleets separdatety l{nes).
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Figure 56. Estimated spawning biomass time-serigsapproximate asymptotic 95%
confidence interval.
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Figure 57. Historical landings series inflated IO¢%&from the reconstructed values
(sensitivity 1).
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Figure 58. Base case model estimate of recent spgwiomass (with ~95% confidence
intervals between the dotted lines) and sensitiwitys constraining recent recruitment
after 1998 (run 3) and 1997 (run 4) to be muchezlés the deterministic stock-recruit
curve.
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Figure 59. Spawning biomass trajectories from: lhase with maturity changing over
time, fixed maturity at 1956 estimates (sensitid)yand fixed maturity at 1995 estimates
(sensitivity 6).
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Figure 60. Results of retrospective analyses fettse case model using SS2 version
1.16.
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Figure 61. Enhanced growth curve figure for fentaiglish sole from the base case
model, showing the change in estimated mean leaigdlye, fishery selectivity and length
at 50% maturity over the modeled time period.
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Figure 62. Phase plot of the base case run andigities including the approximate
95% confidence interval for the base case (horadime). Estimates of target spawning
biomass Bag) are plotted on the x-axis using the same symbols.
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Figure 63. Estimated and predicted future age 8tnhss and the proportion of the
spawning biomass made up of these ages.
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Figure 64. Comparison of the 1971-1976 ODF&W fidtfsurvey (point and vertical
line) to estimates of biomass from the base cas#ehfseries). Approximate 95%
confidence interval shown for both, based on thienesed CV for spawning biomass

from the base case model and assumed CV of 0tRddDDF&W survey estimate.
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Figure 65. Time series of estimated spawning p@ieratio from the base case model.
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Figure 66. Temporal pattern of estimated spawnotgrgial ratio relative to the proxy
target of 40% vs. estimated spawning biomass velabi the proxy 40% level.
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Figure 67. Approximate distribution of uncertaimtyestimated 2005 spawning biomass
from the base case model (dashed line), and cuweifatobability that the spawning
biomass is less than each state of nature (soég. li
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12. Appendix A: SS2 data file

# .dat file for 2005 English sole assessment — base model

# Most recent update: 3/17/05

### Global model specifications ###

1876 # Start year
2004 # End year

1 # Number of seasons/year

12 # Number of months/season (vector, by season)
1 # Spawning occurs at beginning of season

2 # Number of fishing fleets

2 # Number of surveys

# Fleet names (separated by "%")
South_fishery%North_fishery%South_survey%Northveyr
# Fleet timing (proportion of season)

0.5417 0.5417 0.5417

2 # Number of genders (1/2)

30 # Accumulator age

### Catch section ###

# Initial equilibrium catch (landings + discardrimt) by fishing fleet

0 # Fleet 1
0 # Fleet 2

# Landed catch (only) time series (mt) by fleetrent on Feb 1, 2005
North fishery

# South fishery

O~NOUOBDDWNNNRERPRE

1021
1225
2454
3343
2692

o o

[oNeoRoReoRoReReNeoloNoNoNeNoNoloNoNoNoNoloNoNoNoNoNoNoNoNoNoNo oo ojojojo oo oo} o]

HHEHFEHFEHEFHAEHEF IR FHRBFBHRBEHRERERTEERERERSE

# Middle of July

Year

1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
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2118
1464
1866
2698
2714
3491
3393
3247
3923
3442
3976
3065
1580
2919
2762
2350
2667
2801
2547
1076
1351
1169

808

163

382

429

412

717

776

1208
1093
1607

947

736

681

750

837

1285
1390
1132

808

594

1082
1436
1367
1453
1696
1470
1540
1339
1012

902

909

793

836

1012
1227
1143

927

1070
1115
1362
1132.56574
1006.0827
640.80524
529.46582
693.65606
762.9424
746.71822
703.98619

PONDORPPWOOOOOOOOOO

69
1070
1176
1405
1054
1600
2697
1350
1170
3544
2056
4008
1977
3311
2558
2325
1590
1321
1439
1783
2190
3225
3350
2829
2301
2185
2230
2085
2187
3068
2786
3200
2049
1593
1383
1850
2134
1934
2267
3323
1940
2393
2516
1851
1578.83494
1786.47472
1714.58573
1191.72513
1235.9994 #
1273.68482 #
1724.3838 #
1397.12826

HHFH B H SIS TSRS RIS HBFRFTFRFTHRBTRBFFEFRFERFERE RS

1981
1982
1983
1984

1988
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768.19312 1643.77719 # 1989
712.49918 1199.29876 # 1990
692.54427 1492.22493 # 1991
487.71128 1133.93966 # 1992
395.50127 1205.53523 # 1993
371.05758 751.19658 # 1994
410.91257 714.05373 # 1995
433.91513 717.72954 # 1996
465.57864 1037.94394 # 1997
229.23724 909.76402 # 1998
227.41519 684.92666 # 1999
181.06749 568.737 # 2000
199.12321 790.58066 # 2001
101.7096 1066.59335 # 2002
63.5602 813.42591 # 2003
96.45472 853.25042 # 2004

### Abundance indices ###

18 # Total number of observations (all fleets)

# South triennial survey series (N=9)

# Year Seas Type Value s(log space)
1980 1 3 1084.54 0.38051708
1983 1 3 3927.4 0.3262809
1986 1 3 3161.12 0.25073778
1989 1 3 5547.05 0.26028458
1992 1 3 2326.31 0.28554624
1995 1 3 5309.03 0.25781002
1998 1 3 2169.77 0.17551974
2001 1 3 5201.79 0.26424808
2004 1 3 9283.2 0.28494962

# North triennial survey series  (N=9)

# Year Seas Type Value s(log space)
1980 1 4 3543.76 0.3308871
1983 1 4 4651.16 0.1851065
1986 1 4 6254.23 0.18143098
1989 1 4 8395.31 0.291573
1992 1 4 9509.6 0.20274062
1995 1 4 5992.32 0.22419568
1998 1 4 15312.2 0.16765022
2001 1 4 12550.52 0.18482484
2004 1 4 36112.9 0.30253094

### Discard section ###

# Discard observation setup
2 # Type: 1 = biomass (mt),2 = fraction (D/(D+R}) weight
15 # Total number of discard observations alltieand years

# Year Season Type Value Ccv

# Herrman and Harry
1950 1 2 0.247776 0.2
1951 1 2 0.247776 0.2
1953 1 2 0.247776 0.2
1959 1 2 0.247776 0.2
1960 1 2 0.247776 0.2
1961 1 2 0.247776 0.2

# Pikitch
1985 1 2 0.266101 0.2
1986 1 2 0.266101 0.2
1987 1 2 0.266101 0.2

# WCGOP
2001 1 1 0.322514 0.2
2001 1 2 0.256417 0.2
2002 1 1 0.386503 0.1
2002 1 2 0.252199 0.1
2003 1 1 0.516129 0.1
2003 1 2 0.297193 0.1

# Mean body weight observations
6 # Total number of mean body weight observations

# Partition = 1: discarded catch

# 2: retained catch
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# 0: whole catch (R+D)

# Year Seas Type Partition Value (kg) CV

2001 1 2 1 0.216064 0.2 # North

2001 1 1 1 0.174273 0.2 # South

2002 1 2 1 0.197522 0.2 # North

2002 1 1 1 0.193660 0.2 # South

2003 1 2 1 0.225127 0.2 # North

2003 1 1 1 0.168816 0.2 # South

### Length and age frequencies ###

-1 # Minimum proportion for compressing tails dfserved compositional data

0.0001 # Constant added to expected frequencies

18 # Number of length bins for data inputs

# Lower edge of length bins by bin

11 13 15 17 19 21 23 25 27 29 31 33
35 37 39 41 43 45

88 # Total number of length observations all #estd years

# Gender = 0: sexes combined into length bins

# 1: females only (enter zeros for male lerigtis)

# 2: males only (enter zeros for femafegth bins)

# 3: both males and females, total sheuld to 1.0

# Survey length data for the south (N=6)

# Year  Seas Type Gender Partition Nsamp  Data: fsgriabn males

1989 1 3 3 0 92
0 0 9.0593E-05 0.000543558 0.001882805 0.017690798
0.043032522 0.05740095 0.086522499 0.099978647 12686463
0.087397378 0.058144033 0.022712904 0.00470682 01097912
0.000215643 0.000362943 0 0.000271779 0 0.003&1638
0.017461519 0.077863095 0.117018195 0.100298085 047823997
0.026590702 0.009099757 0.003385488 0.000687416 000618113 0
0 0 0

1992 1 3 3 0 83
0 0 0.000709075 0.004018089 0.018290575 0.04121347
0.074019795 0.095752434 0.089234429 0.092693326 072048716
0.042045624 0.034634168 0.011855165 0.005987782 002968271 0
0 0 0 0.000472716 0.009165093 0.061705911 0.1’y 8
0.10237328 0.081626761 0.031179904 0.014389128 02048266
0.000553654 0 0 0.000236358 0 0 0

1995 1 3 3 0 60
0 0 0.000369845 0.003608979 0.037434326 0.06460533
0.079816026 0.103606205 0.112234338 0.10780415 83691642
0.051006802 0.018805137 0.009819756 0.002592208 001052464
0.000263412 0 0 0 0.002124794 0.01070435 0.0257341
0.074687528 0.099265818 0.069597155 0.029722568 009063339
0.001524483 0.000362228 0 0 0 0 0 0

1998 1 3 3 0 48
0 0 0.001643203 0.016224501 0.059462041 0.07985628
0.096493625 0.11563298 0.119971335 0.082227827 48622211
0.032886529 0.028206564 0.012898205 0.004895907 0 0 0
0 0.000547734 0.018896838 0.049702636 0.07674426 .071820043
0.054585234 0.019674855 0.007760518 0.000623335 000623335 0
0 0 0 0 0 0

2001 1 3 3 0 88
0 0 0.002584248 0.017094995 0.055457738 0.09387469
0.104852024 0.114530704 0.104450125 0.076034623 055028952
0.034813796 0.025232426 0.010028357 0.004798327 001895712
0.000386404 9.2333E-05 0 0.000275023 0.005535617  .054015703
0.0874694 0.06849439 0.043602578 0.02132164 05BYD9 0.004501565
0.001621893 0.000775647 0.000890185 0.000340248 000043858 0
0 0

2004 1 3 3 0 71
0 0 0.001683594 0.017802739 0.052502596 0.06651942
0.080579359 0.080997636 0.073139101 0.080201267 077080755
0.061542448 0.036309612 0.01486525 0.006501602 01035215
0.000376271 0.000138364 0 7.42559E-05 0.006875097 0.053734703
0.101652412 0.100287227 0.052678281 0.018237181 007644036
0.003092956 0.001630937 0.000637952 0.000570831 0000823487
0.000285416 0 0 0

# Survey length data for the north (N=6)

# Year Seas Type

Gender

Partition

Nsamp

Data: fesithen males
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1989

1992

1995

05

1998

2001

2004

# Year

1966

1967

1968

1969

1 4 3 0 129

0 8.48359E-05 0.001093002 0.002672045 0.011299104 0.013525611
0.031282953 0.07020961 0.115576671 0.144904208 34080615
0.086023082 0.046439598 0.02292265 0.013228431 07649961
0.00385482 0.000691735 0 0 0.001093002 0.004260209
0.008768149 0.031815373 0.058159954 0.069637743 065663243
0.036385814 0.0123338 0.003621121 0.001588045 0255505 0.000157111
0 0 0
1 4 3 0 126
0 0 0 0.002929655 0.01326888 0.02047313 0.04605930
0.079203921 0.085944669 0.09808213 0.100882175 57025573
0.041764258 0.020433095 0.01359351 0.005265782 01652169
0.000833518 0 3.23438E-05 0.001377011 0.008863454 0.032626791
0.062041854 0.077903864 0.099238363 0.074099575 039809259
0.010232545 0.004360946 0.00093805 0.00016613 0098041 0
0 0
1 4 3 0 89
0 0 4.9166E-05 0.000965118 0.007423183 0.038455658
0.086626206 0.144685143 0.142331412 0.125595742 098045792
0.053099166 0.023269908 0.008241572 0.003336421 002004675 9.8332E-
0.001488045 0 0.000182527 0.001414367 0.00201552 0.024755217
0.05972357 0.065325399 0.051520561 0.035168752 13895084
0.006914826 0.003075651 9.29858E-05 0 0 0 0 0
1 4 3 0 204
0 0 0.00070698 0.004726735 0.035293332 0.08701707
0.106776942 0.104809801 0.103097165 0.086028795 05584553
0.031271021 0.017991773 0.006469067 0.002238109 000024187
0.00027375 3.12008E-05 0 0.000121053 0.001062274  .012@98197
0.066871353 0.106051552 0.083448037 0.051276637 018910711
0.007953769 0.003572276 0.001371374 0.001295737 000072575
0.00017326 0.00013141 0.000320383 0.001067944
1 4 3 0 176
0 0.000179413 0.001870202 0.010891118 0.019558364 0.035304413
0.066135938 0.101249019 0.133245854 0.117782676 095876783
0.067132429 0.033303745 0.013944654 0.004653144 001868397
0.00085079 0.000376384 0 0.000164483 0.009706475  .026036267
0.0440181 0.049207914 0.063255887 0.052120029 10811 0.012726195
0.005233086 0.001657857 0.000347316 0.000511864 0 0 0
0
1 4 3 0 158
0 0 0.000190083 0.001158237 0.006508908 0.014%6021
0.028699945 0.058134695 0.116224176 0.164183128 136689405
0.115406718 0.058604694 0.022664915 0.006218393 002073437
0.000596889 0.000408828 0 0 0 0.002538751 0.012176
0.044008563 0.058849114 0.064818935 0.050896126 0200886649
0.006958786 0.002143725 0.001030113 0.000444921 000224928 0
0 0

# Fishery length data for the south (N=19)
Seas Type Gender Partition Nsamp  Data: fesithbn males
1 1 3 2 13 0 0 0 0 0 0
0 0.010607436 0.038161767 0.086263561 0.066428276 0.176553162
0.158431476 0.078419986 0.019039408 0.013394351 000011291
0.000333873 0 0 0 0 0 0 0 0.033938235
0.1222925 0.080633331 0.081629846 0.033371981 0 0 0.000389519
0 0 0
1 1 3 2 10 0 0 0 0 0 0
0 0 0 0.024546112 0.176346335 0.290402633 0.176215
0.129626353 0.075362418 0.015785784 0.027012708 000838939 0
0 0 0 0 0 0 0 0.017530921 0.020222219
0.041739629 0.004670806 0 0 0 0 0 0
1 1 3 2 9 0 0 0 0 0 0
0 0 0 0.037236577 0.126660417 0.213758019 0.26308
0.193871176 0.118744315 0.032428144 0.015769191 006060661 0
0 0 0 0 0 0 0 0 0.014756803
0.011290712 0.011290712 0.010524635 0 0 0 0 0
1 1 3 2 16 0 0 0 0 0 0
0 0 0.035727698 0.085724305 0.077301371 0.179%7105
0.116516961 0.026249729 0.008325402 0.003135378 000092444 0
0 0 0 0 0 0 0 0 0.134489816
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1970

1972

1973

1974

1975

1976

1977

1980

1982

1983

1984

1985

2001

2002

0.180720433

0.131318713

0.01936231 0.001164383 0 0 0

0 0

1 1 3 2 2 0 0 0 0 0 0

0 0 0 0.037862594 0.018931297 0.160000001 0.273%34
0.331603053 0.119999992 0.009465653 0 0.009465653 0 0

0 0 0 0 0 0 0 0 0.021068703
0.021068703 0 0 0 0 0 0

1 1 3 2 4 0 0 0 0 0 0

0 0 0 0.034345885 0.201838121 0.222055512 0.26RB1L6
0.14498059 0.080456134 0.013975155 0 0 0 0 0
0 0 0 0 0 0 0 0.022598991 0.010632764
0 0 0 0 0 0

1 1 3 2 7 0 0 0 0 0 0

0 0 0 0.017961646 0.114368039 0.130427896 0.193238
0.206826937 0.07835061 0.035517212 0.003414131 19089967 0

0 0 0 0 0 0 0 0.009544983 0.043879876
0.06126344 0.071479316 0 0.014637674 0 0 0 0
1 1 3 2 8 0 0 0 0 0 0

0 0 0 0.024254155 0.104070662 0.162554991 0.194618
0.22322011 0.191412222 0.043177798 0.016160568 01828438 0

0 0 0 0 0 0 0 0.002958906 0.015054915
0.014857655 0.006130854 0 0 0 0 0 0

1 1 3 2 7 0 0 0 0 0 0

0 0 0 0 0.038883815 0.281605388 0.406505073
0.189856129 0.066752285 0.008825705 0.00384879 01029793 0

0 0 0 0 0 0 0 0 0.001128126 0
0.000864897 0 0 0 0 0 0

1 1 3 2 2 0 0 0 0 0 0

0 0.006213925 0.012427849 0.018641771 0.253919189 0.14856638
0.188814935 0.216635646 0.142352456 0 0 0 0 0
0 0 0 0 0 0 0.006213925 0.006213925 0
0 0 0 0 0 0 0

1 1 1 2 1 0 0 0 0 0 0

0 0 0 0 0.019999999 0.22 0.4 0.18 0.160000001
0.019999999 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

1 1 3 2 9 0 0 0 0 0 0

0 0 0.006359144 0.091780051 0.276280825 0.25547323
0.150941949 0.102065136 0.033350636 0.01509522 02088222 0

0 0 0 0 0 0 0 0.001340749 0.003352362
0.035277712 0.011421153 0.008958662 0.00553494 0 0 0

0 0

1 1 1 2 2 0 0 0 0 0 0

0 0 0.012747559 0.101980474 0.541087867 0.1142803
0.101980474 0.101980474 0.025495118 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0

1 1 3 2 2 0 0 0 0 0 0

0 0 0.01010101 0.090909091 0.252525253 0.242424242
0.262626263 0.080808081 0.02020202 0.02020202 0 0 0

0 0 0 0 0 0 0 0.01010101 0.01010101
0 0 0 0 0 0 0 0

1 1 1 2 1 0 0 0 0 0 0

0 0 0.040816327 0.204081633 0.265306122 0.285H1428
0.12244898 0.06122449 0.020408163 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0

1 1 3 2 11 0 0 0 0 0 0

0 0.000433257 0.043925308 0.190977069 0.258208311 0.251713258
0.16868985 0.050088443 0.017616238 0 0.00074324 000833257

0 0 0 0 0 0 0.00074324 0 0.002607729
0.011479376 0.002341425 0 0 0 0 0 0 0
1 1 3 2 4 0 0 0 0 0 0
0.007853185 0 0.066898002 0.151474997 0.3246024.079446
0.140944193 0.031935509 0 0.004204471 0 0 0 0
0 0 0 0 0 0 0 0.008408942 0.021022354
0.021022354 0.025226825 0.012613412 0.012613412 0 O 0

1 1 1 2 5 0 0 0 0 0 0

0 0 0.175815912 0.150938249 0.136623909 0.05240191
0.234800431 0.144040065 0.059954233 0.000348683 045076605 0
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2003

# Historical fishery length data for the north (N&31

# Year Seas Type

1949

1949

1950

1950

1950

1951

1951

1960

1960

1961

0 0
0 0

1 1
0.082862978
0.268700283
0.057813514
0.018038373
0.057813514

1
0 0
0.027777778
0.111111111
0 0
0
1
0 0
0.049751244
0.084577114
0 0
0.034825871
1
0 0
0.011221945
0.145885287
0 0
0.016209476
1
0 0
0.018832392
0.125235405
0 0
0.013182674
1
0 0
0.015748031
0.124015748
0 0
0.069460067
0.000281215
1
0 0
0.014699524
0.146995244
0 0
0.084738435
0
1
0 0
0.003333333
0.098333333
0.001666667
1
0 0
0.064393939
0.054924242
0 0
0 0
1
0 0
0.039312039
0.051597052
0 0
0 0
1
0 0
0.004336513
0.070251518

0 0 0 0 0 0 0 0 0

0 0 0 0 0

3 2 21 0 0 0 0 0
0.036076746 0.045095932 0.064593145 181800362
0.117757072 0.038082331 0.005274845 003863787
0 0 0 0 0 0 0 0.009019186
0 0 0.010844143 0.001681894 0.00168189
0 0 0 0 0

Gender Partition Nsamp  Data: fesithbn males

2 1 2 6

0 0 0 0 0 0 0 0
0.138888889 0.295138889 0.225694444 152077778
0.03125 0.017361111 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 3 2 4

0 0 0 0 0 0 0 0.024875622
0.084577114 0.074626866 0.119402985 15900398
0.114427861 0.094527363 0 0 0 0 0

0 0 0.009950249 0.054726368 0.094527363
0 0 0 0 0

2 3 2 16

0 0 0 0 0 0 0.001246883
0.091022444 0.167082294 0.241895262 209876309
0.054862843 0.021197007 0.004987531 0 0 0

0 0 0 0.003740648 0.004987531 0.021197007
0.003740648 0 0.001246883 0 0 0

2 3 2 21

0 0 0 0 0 0 0.001883239
0.071563089 0.187382298 0.246704331 211864407
0.036723164 0.016007533 0.004708098 0 0 0

0 0 0 0.00094162 0.020715631 0.036723164
0.004708098 0.002824859 0 0 0 0

2 3 2 71

0 0 0 0 0 0 0.001968504
0.067210349 0.129640045 0.176602925 151856018
0.072834646 0.047244094 0.026996625 0 0 0

0 0 0.000281215 0.002530934 0.032339708
0.059055118 0.018278965 0.002812148 000843645
0 0

2 3 2 46

0 0 0 0 0 0.000864678 0.002594034
0.051880674 0.114569823 0.137916126 162027108
0.096411587 0.044530912 0.028102032 0 0 0

0 0
0.038045828

2
0 0

0.03 0.045

0 0
0.035

2

0 0
0.196969697
0.021780303
0

0

onOoOo

0
0.233415233
0.039312039

0 0
2

0 0
0.05810928

0.053772767

0.125

0 0.003026373 0.007349762 0.058365759
0.006052745 0.000864678 000864678 0

3 2 12

0 0 0 0 0 0
0.121666667 0.148333333 5 0.1 0.098333333

0 0 0 0 0 0 0

0.11 0.03 0.003333333 0 0 O

1 2 21

0 0 0 0.00094697 0.010416667
0.304924242 0.205492424 122059091
0.014204545 0.003787879 0 O 0

0 0 0 0 0 0 0

1 2 8

0 0 0 0 0 0.002457002
0.348894349 0.167076167 081081081
0.036855037 0 0 0 0 0

0 0 0 0 0 0 0

1 2 23

0 0 0 0 0.000867303
0.286209887 0.275802255 05850737
0.026886383 0.018213356 0 O 0
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1961

1963

1963

1964

1964

1964

1965

1965

1965

# Year

1966

1968

1970

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
1 2 1 2 10
0 0 0 0 0 0 0 0 0 0.008385744
0.067085954 0.15932914 0.234800839 0.270440252 32076472
0.064989518 0.041928721 0.020964361 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 1 2 2
0 0 0 0 0 0 0 0 0 0.04040404
0.191919192 0.232323232 0.232323232 0.212121212 070007071 0
0.01010101 0.01010101 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
1 2 3 2 10
0 0 0 0 0 0 0 0 0 0.002 0.098
0.208 0.172 0.124 0.118 0.086 0.044 0.03 0 0 0 0
0 0 0 0 0 0.006 0.042 0.04 0.022 0.004 0
0.004 0 0
1 2 3 2 2
0 0 0 0 0 0 0 0 0 0
0.04950495 0.267326733 0.277227723 0.168316832 1980198
0.00990099 0.00990099 0 0 0 0 0 0 0
0 0 0 0 0.00990099 0.108910891 0.04950495
0.01980198 0.00990099 0 0 0
1 2 3 2 54
0 0 0 0 0 0 0 0 0.001844338
0.018812246 0.112504611 0.19476208 0.175580966 31816857
0.077462191 0.043157506 0.017705644 0.007746219 0 O 0
0 0 0 0 0.000737735 0.008852822 0.048321653
0.074880118 0.057174474 0.021763187 0.004795278 002013205
0.000368868 0 0
1 2 3 2 4
0 0 0 0 0 0 0 0 0 0.019230769
0.134615385 0.134615385 0.139423077 0.153846154 086638462
0.019230769 0.024038462 0.019230769 0 0 0 0 0
0 0 0 0.004807692 0.033653846 0.134615385 0.068807
0.028846154 0 0 0 0 0
1 2 3 2 2
0 0 0 0 0 0 0 0 0 0 0.01
0.16 0.25 0.24 0.2 0.07 0 0 0 0 0 0
0 0 0 0 0 0 0.01 0.02 0.02 0 0.01
0 0.01 0
1 2 3 2 58
0 0 0 0 0 0 0 0 0.001037344
0.03077455 0.162863071 0.244813278 0.189834025 016509751
0.059128631 0.031811895 0.014868603 0.008990318 0 0 0
0 0 0 0 0.001728907 0.010027663 0.036307054
0.058091286 0.037344398 0.010373444 0.000345781 0 0 0
0
1 2 3 2 2
0 0 0 0 0 0 0 0 0 0.01 0.11
0.24 0.1 0.09 0.05 0.01 0.04 0 0 0 0 0
0 0 0 0 0 0 0.13 0.18 0.02 0.01 0.01
0 0 0

# Fishery length data for the north (N=37)
Seas Type Gender Partition Nsamp  Data: fesithbn males
1 2 3 2 28 0 0 0 0 0 0
0 0 0.000398218 0.007141577 0.084841569 0.23680618
0.235849976 0.174768315 0.081066912 0.040317047 011694455
0.006685375 0 0 0 0 0 0 0 0
0.000398218 0.010845735 0.045331116 0.04071029 17018836
0.003054382 0.001455929 0.000715866 0 0
1 2 3 2 44 0 0 0 0 0 0
0 0 0.003099141 0.00602395 0.057151528 0.166740995
0.237033714 0.201746115 0.139491103 0.065195181 021870303
0.006316929 0 0 0 0 0 0 0 0
0.001616854 0.007863181 0.036316829 0.038691503 0090648399
0.001294275 0 0 0 0
1 2 3 2 49 0 0 0 0 0 0
0 0 0.00194005 0.026205775 0.09568038 0.177862664
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1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

05
1981

0.196341131

0.148590806

0.092522716

0.052874776 021046742

0.008268895 0 0 0 0 0 0 0 0
0.004971286 0.034532646 0.074259906 0.04511957 17081584
0.001476647 0.001024426 0 0 0

1 2 3 2 4 0 0 0 0 0 0
0 0 0 0.044554971 0.044268224 0.187483791 0.202280
0.113817702 0.085878887 0.035685785 0.015536969 003635004 0
0 0 0 0 0 0 0 0.019094987 0.108204932
0.097918183 0.033867716 0.003551108 0.001221621 0 O 0
0

1 2 3 2 21 0 0 0 0 0 0
0 0 0.000656976 0.050945409 0.1810294 0.236159888 0.219160708
0.099646376 0.057506809 0.029432687 0.00949972 048131072 0
0 0 0 0 0 0 0 0.008456988 0.030425382
0.048769672 0.017756195 0.005184688 0.000291271 0 O 0
0.000263757

1 2 3 2 24 0 0 0 0 0 0
0.000558788 0 0.002894346 0.02468277 0.145002575  .239881535
0.229452428 0.145515112 0.078207557 0.028412538 009835581
0.005036661 0 0 0 0 0 0 0 0
0.003054437 0.019888862 0.034335441 0.022511899 008642586
0.002986886 0 0 0 0

1 2 3 2 21 0 0 0 0 0 0
0 0.000528431 0.002664034 0.036867084 0.137835744 0.221447385
0.2087711 0.132543246 0.079235576 0.030403468 389BD76 0.009677815
0 0 0 0 0 0 0.000659593 0.005227729
0.008623415 0.024912999 0.047899455 0.02869296 098338195
0.000660694 0 0 0 0

1 2 3 2 20 0 0 0.000444529 0 0
0.000580079 0.000221255 0.001528679 0.007959608 036857658
0.154492778 0.218561024 0.205659718 0.134645969 077955029
0.032698607 0.008430655 0.007131523 0 0 0.00084452
0.000984697 0 0 0 0.003604672 0.012385001 0.01852
0.051423312 0.019820469 0.006765204 0.000552053 0 O 0
0

1 2 3 2 12 0 0 0 0 0 0
0 0.007375556 0.014231945 0.054433131 0.119867555 0.153514694
0.114183243 0.08385726 0.066752843 0.022256459 0802969
0.001406651 0 0 0 0 0 0 0 0
0.039270874 0.12368803 0.146156406 0.042479501 00025529
0.000580423 0.000290212 0 0 0

1 2 3 2 28 0 0 0 0 0 0
0.00040848 0.00122544 0.003647779 0.033504656 3848001
0.189046309 0.191402648 0.128975002 0.085351793 040638306
0.016792376 0.004502741 0 0 0 0 0 0.00020424
0.000454137 0.001862206 0.023516652 0.059188395 080805965
0.030845742 0.003260907 0.00077679 0.000144435 0 0 O
1 2 3 2 26 0 0 0 0 0 0
0 0 0.004862245 0.071553195 0.147226578 0.26240075
0.189773928 0.134661787 0.087620987 0.036484721 005080877
0.004711669 0 0 0 0 0 0 0.000128675
0.000273968 0.013892274 0.013468626 0.018162476 007046146
0.001560565 0.00089053 0 0 0 0

1 2 3 2 16 0 0 0 0 0 0
0.000840095 0 0.002726772 0.03802854 0.200312417  .210827762
0.224864788 0.125815989 0.070618471 0.025021007 001868434
0.001129045 0 0 0 0 0 0 0 0
0.001764231 0.031919344 0.042665568 0.021124714 000872821 0
0 0 0 0

1 2 3 2 70 0 0 0 0 0
0.000307867 6.53063E-05 0.000247961 0.006354848 067662126
0.183100336 0.235449011 0.187430447 0.123700887 064090279
0.037188612 0.016321535 0.013473924 0 0 0 0.0@BB/5
0 0 1.61013E-05 0.000552798 0.006053166 0.0251339
0.022522231 0.008118144 0.001639218 0.000155493 000R44673 5.60913E-
3.51049E-05 3.51049E-05

1 2 3 2 77 0 0 0 0 0 0
0 1.06129E-05 0.01583641 0.114781354 0.212484192 .222857492
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0.17527266 0.107954849 0.05795843 0.021245393 8841191
0.00441745 0 0 0 0 0 2.49675E-05 0.000142475
0.000411974 0.004457305 0.026677466 0.018881481 007063435
0.001344289 0.000333273 0 0 0 0

1982 1 2 3 2 56 0 0 0 0 0 0
1.67984E-05 0.004126523 0.04140353 0.132188871 5402672
0.222497326 0.142682387 0.07409827 0.032155884 14095562
0.007291864 0.001323989 0 0 0 0 0 0 0
0.010923713 0.017944561 0.024915066 0.012554382 007606658 0
4.78963E-05 0 0 0 0

1983 1 2 3 2 40 0 0 0 0 0
0.00098221 0.000776329 0.000918154 0.013530599 440117974
0.240022576 0.249070792 0.153465889 0.06734098 35753
0.014812226 0.005676195 0.001211404 0 0 0 0 0
0 0.000401487 0.002051515 0.002762469 0.026016945 0.027488281
0.010309239 0.003534948 0 0.000239259 0 0 0

1984 1 2 3 2 15 0 0 0 0 0 0
0.004252285 0.015004414 0.079891554 0.110771176 28507521
0.182569345 0.14375253 0.074746054 0.026619864 20085713
0.00128547 0.000374708 0 0 0 0 0 0
0.00128368 0.005902459 0.016048838 0.024383515 0606562
0.000785563 0 0 0 0 0 0

1985 1 2 3 2 22 0 0 0 0 0 0
0 0.014171678 0.068023031 0.205624737 0.261486258 0.155353081
0.133064733 0.053585624 0.015634878 0.004647547 004062517
0.001538955 0 0 0 0 0 0 0 0.009123444
0.034381599 0.020959398 0.01537641 0.002266108 0 0 0
0 0 0

1986 1 2 3 2 22 0 0 0 0 0 0
0.000383955 0.002589048 0.030462737 0.211823137 347099153
0.213350417 0.092535469 0.029247583 0.010264379 000840357
0.000353325 0 0 0 0 0 0 0 0
0.006529329 0.010868048 0.031998093 0.008040253 003614715 0
0 0 0 0 0

# Pikitch obs

1986 1 2 0 1 62
0 0 0.007194245 0.026378897 0.086330935 0.19181652
0.225419664 0.201438849 0.139088729 0.105515588 016086571 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

# back to commercial

1987 1 2 3 2 43 0 0 0 0 0 0
0.003381676 0.009791324 0.098986581 0.216044487 240096983
0.201621549 0.105817735 0.031816983 0.014456463 003006298
0.000792168 0.000415233 0 0 0 0 0 0
0.00318361 0.012226478 0.03315394 0.014546362 7628169
0.001865683 0.000168281 0 0 0 0 0

1988 1 2 3 2 24 0 0 0 0 0 0
0 0 0.023050051 0.139107608 0.253275841 0.220B7208
0.165069441 0.066754151 0.031648612 0.012721483 00508838
0.001347929 0 0 0 0 0 0 0 0.000102151
0.014898943 0.029616068 0.022190582 0.010479876 00388365
0.00039315 0 0 0 0

1989 1 2 3 2 33 0 0 0 0 0 0
0.000169316 0.000693389 0.017294276 0.154488814 298875837
0.259449076 0.13359991 0.056963233 0.023072075 0708577
0.000169316 0.00108399 0 0 0 0 0 0 0
0.000806729 0.006748733 0.017276716 0.019611739 002810899
0.000200181 0 0 0 0 0

1990 1 2 3 2 30 0 0 0 0 0 0
0 0.004874329 0.010564809 0.063919937 0.260980778 0.311485514
0.185940773 0.071628855 0.025095702 0.006752134 00200764 1.37244E-

05 0 0 0 0.002161899 0 0 0 0.000296621
0.007067611 0.018278993 0.025754971 0.002549936 000893715
0.00013206 0 0 0 0

1991 1 2 3 2 28 0 0 0 0 0 0
0.000935117 0.00097184 0.007466654 0.067899343 020724513
0.233709488 0.150172252 0.07328019 0.035940139 1884702
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05

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

0.004067037

7.90141E-05 0.004206689
0.021788924 0.035802934
1 2 3 2

0 0.002398181
0.133463605 0.060109784
0.000710579 0 0
0.000457054 0.008630735
0.000156552 0 0

1 2 3 2

0 0.000600437

0.137946363

0.00205588

0.048752365

0.036168281

0.007221178

0 0

0.023045953
0.016298053

21 0

0 0

0.035413186
0 0
22 0

0 0 0 0 0 0
0.008070376 0.015779159 0.002695167
0 0

1 2 3 2 21 0
0 0.00214107 0.02919103

0.108086668

0.062581789

0.018618921

0.185328006
0.021390773

0.139675008
0.0141866 0.005173285

0.186051363

0 0

0.030419417 0.062030303

0.009033195

0 0

0.007117727

0 0

0.007817958

0 0

0 0

0.313791792
0.007907084

0 0 1.83615E-
0 0
0 0 0
0.285569284 0.214016124

000093145

0 0
000859026

0 0 0

0.335989277 0.278033094

1081875 0 0

0.000353967
0.000839788

0.00290256
0 0 0

0 0 0
213061152
0026761 0.001615484

0 0 0 0 0 0 0 0 0.006748615
0.029807799 0.016206649 0.000814483 0 0 0 0 0
0

1 2 3 2 20 0 0 0 0 0 0
0 0.001480507 0.060693682 0.185004984 0.246224022 0.189142547
0.117904552 0.079601444 0.044739428 0.042968986 014806338 0.0046036
0 0 0 0 0 0 0 0 0 0.00463352
0.00366309 0.003935489 0 0.00109781 0 0 0 0
1 2 3 2 18 0 0 0 0 0 0
0 0.000448544 0.046965818 0.267866694 0.278512952 0.18892308
0.100280859 0.035725459 0.023904136 0.009115527 005888542
0.000904656 0 0 0 0 0 0 0 0
0.012263688 0.011169259 0.016274151 0.002156635 0 O 0

0 0 0

1 2 3 2 40 0 0 0 0 0 0
0.00017479 0.001573223 0.021115534 0.154019971 2560238
0.224448344 0.126384475 0.065717763 0.019669947 01687184
0.001426505 0.008734846 0 0 0 0 0 0
0.00020147 0.001747092 0.005393462 0.011767082 10871148
0.002580932 0.001862804 0.000679534 0 0 0 0

1 2 3 2 37 0 0 0 0 0 0
0 0.007005948 0.069839545 0.19740155 0.294342444 194890771
0.096147525 0.048316411 0.040291003 0.021939419 009012164
0.002753536 0 0 0 0 0 0 0 0.000212559
0.005141474 0.009524021 0.002670837 0 0.000910794 0 0

0 0 0

1 2 3 2 35 0 0 0 0 0 0
0.000621811 0.004913329 0.066759358 0.201217706 285034879
0.218809701 0.105344105 0.046928121 0.026415325 013838192
0.004849667 0.001526503 0 0 0 0 0 0
0.00053469 0.004128821 0.012316458 0.004906897 01633437 0

0 0 0 0 0 0

1 2 3 2 33 0 0 0 0 0 0
0.000452413 0.005541726 0.060329914 0.18618456 898924905
0.181397721 0.114982603 0.056103641 0.04537064 38611953
0.006080613 0.002432047 0 0 0 0 0 0 0
0.003136081 0.001737753 0.006636383 0.001207047 0 O 0
0 0 0 0

1 2 3 2 49 0 0 0 0 0 0
0.001820036 0.008536456 0.04487535 0.145703344 660121159
0.263940848 0.130618041 0.065714156 0.03402294 12692986
0.00738723 0.002735519 0 0 0 0 0 0 0
0.001634415 0.002621643 0.007203155 0.002050424 000887105
0.000571596 0 0.000571596 0 0 0

1 2 3 2 45 0 0 0 0 0 0
0.001613378 0.007920282 0.029333642 0.133741159 257826754
0.276032491 0.145116012 0.066882455 0.029798687 011862718
0.007259481 0.003176036 0 0 0 0 0 0
0.00093543 0.001196154 0.003600989 0.017026125 04637248
0.002126275 2.86741E-05 0.000352134 0 3.38765E-05 O 0

1 2 3 2 31 0 0 0 0 0
0.00014921 0.000181818 0.000393999 0.012316582 16858253 0.2908383
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05

2004

20

0.229533462
0.000257925
0.00014921
0.008505885
1 2
0.001199821
0.270316679
0.001623304
0.008043723
0 0

# Number of age bins for data inputs

0.184672228
2.62491E-05
0.013029391
0.00014921
3 2
0.001079802
0.200592445
0 0
0.014789366
0

0.065309856
0 0
0.014974349
0 0
25 0
0.01305043
0.082685794
0 0
0.012347108

# Lower edge of age bins (first is a minus groapt Is a plus group)

1

1

#

0.5

0.001

590

2 3
13 14

4 5
15 16

# Number of ageing error types
# Vectors of: Average age at true age (to accummuige)

SD of ageing precision attage
# Type 1: Interopercular ages

1.5 2.5
125 13.5
235 245
0.001

35 4.5
145 155
255 26.5

6 7
17 18

55 6.5
16.5 175
275 28.5

0.024465034
0 0
0.015712772
0 0
0 0
0.073310754
0.02555047
0 0
0.001558573

8 9

19 20
7.5 8.5
18.5 19.5
29.5 30.5

0116881891
0 0 8.25738E-
.011016799
0 0 0
860865428
0788B303
0 0 0
0 O 0
10 11 12
9.5 10.5 115
20.5 215 225

0.2336773 0.3703697 0.4673546 0.5426804047 0.6560151 0.7010318 0.7407394 0.776Q5MB3906

0.8377243 0.8647087 0.8896923 0.9129516 0.9340®&HEb1472 0.9744167 0.9926441 1.0099364 1.02638420678
1.0570536 1.0714015 1.0851637 1.098386 1.111102B3696 1.1351998 1.1466288

# Total number of age observations

# Survey north: age-at-length bin observations (N=1

# Year

1995

1995

1995

1995

1995

1995

1995

Season
1

[eNeoNeoNe]

.076923077
0
0
0

.333333333

340425532
0
0
0

.259259259
0
0
0

©,,.0000®0,,.0000~N,.0000®»,,0000001,,0000h~, ., 0000w

0.265306122

0.020408163
0 0
0 0

Type

Gender  Partition ageerr Lbin_ldin_hi Nsamps Data: females then males
4 1 0 1
3 2 0 0.5 0.5 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
4 1 0 1
4 4 0 0.384615385 0.538461538
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0
4 1 0 1
5 10 0 0.102564103 0.41025641
0.153846154 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0
4 1 0 1
6 24 0 0.04 0.36 0.32 0.2
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
4 1 1
7 14 0 0 0.191489362
0.255319149 0.191489362 0 0.021276596 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0
4 1 0 1
8 16 0 0 0.037037037
0.222222222 0.37037037 0.092592593 18618519 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
4 1 0 1
9 21 0 0 0 0.12244898
0.367346939 0.163265306 0.040816327 020008163
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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1995

1995

1995

1995

# Year
1968

1968

1968

1968

1968

1968

1968

1 4 1 0 1
10 10 16 0 0 0 0
0.243243243 0.243243243 0.27027027 0.216216216 2702r027 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
1 4 1 0 1
11 11 5 0 0 0 0 0
0.4 0.4 0 0 0.2 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 4 1 0 1
12 12 2 0 0 0 0 0
0.333333333 0 0.666666667 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
1 4 1 0 1
13 13 1 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

# Fishery south: sorted by year, gender, age-aftelnin observations (N=117)
Season  Type Gender  Partition ageerr Lbin_ldin_hi Nsamp  Data: females then males
1 1 1 2 1
10 10 1 0 0.5 0.5 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 1 1 2 1
11 11 4 0 0.081638518 0.347723141
0.55692938 0.013708961 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0
1 1 1 1
12 12 4 0 0 0.024252414
0.319689118 0.514976383 0.141082085 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 1 1 2 1
13 13 6 0 0 0 0.299804874
0.021166499 0.373431101 0.106772949 0.101942515 011060602 0
0 0 0.08572146 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 1 1 2 1
14 14 6 0 0 0 0.0611623
0.110442834 0.075327502 0.170052408 0.184994334 14502114
0.018818652 0.006223491 0.110442834 0.00637167 0 110042834
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0
1 1 1 2 1
15 15 6 0 0 0 0.035470056
0.049659407 0.084499298 0.095326928 0.289628043 011085431
0.039206333 0.192148438 0.01082763 0 0.192148438 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 1 1 2 1
16 16 3 0 0 0 0 0
0.412507201 0.412507201 0 0 0 0 0.069269328
0.105716271 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
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1968

1968

1968

1968

1968

1968

1969

1969

1969

1969

1969

1969

1 1

17 17

0 0.461271057 0
0 0 0 0
0 0 0 0
0 0 0 0
1 1

18 18

0 0 0.23811223
0 0 0 0
0 0 0 0
0 0 0 0
1 1

10 10

0 0 0 0
0 0 0 0
0 0 0 0
0 0

1 1

11 11

0 0 0 0
0 0 0 0
0 0 0 0
0 0

1 1

12 12

0 0 0 0
0 0 0 0
0 0 0 0
0 0

1 1

13 13

0 0 0 0
0 0 0 0
0 0 0 0
0 0

1 1

9 9

0 0 0 0
0 0 0 0
0 0 0 0
0 0

1 1

10 10
0.061053314 0 0
0 0 0 0
0 0 0 0
0 0 0 0
1 1

11 11
0.221332223 0.036523636
0 0 0 0
0 0 0 0
0 0 0 0
1 1

12 12
0.303153735 0.204392721
0.001383809 4.64E-05 O
0 0 0 0
0 0 0 0
1 1

13 13
0.283193279 0.016571803
0.074786617 0.01637002
0 0 0 0
0 0 0 0
0 0 0

1 1

14 14
0.040264112 0.210444575

1
2
0 0
0 0
0 0
0
1
2
0 0
0 0
0 0
2
1
0 0
0 0
0 0
2
1
0 0
0 0
0 0
2
1
0 0
0 0
0 0
2
1
0 0
0 0
0 0
1
1
0 0
0 0
0 0
1
5
0 0
0 0
0 0
0
1
9
0.077179139
0 0
0 0
0 0
1
13
0.073175115
0 0
0 0
0 0
1
12
0.096883907
0.003134957
0 0
0 0
1
11

0.055306471

o

coo%pn [eNoNoN«NNY [eNoNoNeNN) [eNoNoNeNN) [eNoNoNeNN)

o N

o N

[« NNeoNeoNa]

0

e NNeoNe]

o o

1
0 0 0 0
0.077457887 0.461271057
0 0 0 0
0 0 0 0
1
0 0 0 0
0 0.76188777 0
0 0 0 0
0 0 0
1
0 0 0 0
0 0 0 0
0 0 0 1
0 0 0 0
1
0 0 0 0
0 0 0 0
0 0 0 1
0 0 0 0
1
0 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0
1
0 0 0 0
0 0 0 0
0 1 0 0
0 0 0 0
1
0 1 0 0
0 0 0 0
0 0 0 0
0 0 0 0
1
0 0.938946686
0 0 0 0
0 0 0 0
0 0 0 0
1
0 0.647157763
0.017807238 0 0
0 0 0 0
0 0 0 0
0
1
0 0.29212643
0.117884614 007837187
0 0 0 0
0 0 0 0
0 0 0 0
1
0 0.264356342
0.163555479 078012639
0 0.003134957 0 O
0 0 0 0
0 0 0 0
1
0 0.005733499 0
0.320958321 24886934
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1969

1969

1969

1969

1969

1969

1969

1969

1970

1970

1970

0.015234787 0.042957141 0.010516252 0.002422677 047092826 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 1 1 2 1

15 15 9 0 0 0 0.011540898
0.047726999 0.023682497 0.00570295 0.058399635 52P52342
0.158817528 0.167685984 0.001069644 0.136847599 031008029 0
0.004365895 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 1 1 2 1

16 16 7 0 0 0 0 0
0.011627111 0.003560802 0 0.088537236 0.073702361 0.078812423
0.124382645 0.358750834 0.257777946 0 0.002848642 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 1 1 2 1

17 17 2 0 0 0 0 0
0 0 0.915178574 0 0 0 0 0 0
0.084821426 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 1 2 2 1
9 9 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.13753193
0.149538669 0.288326865 0.424602535 0 0 0 0 0
0 0 0 0 0 0 0

1 1 2 2 1

10 10 5 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.109778576 0.329335732
0.001636148 0.129948989 0.331789954 0.074924152 011999866
0.010586583 0 0 0 0 0 0 0 0 0

1 1 2 2 1

11 11 7 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0.01211279
0.127221762 0.64524254 0.186982932 0.01211279 0 013029819
0 0.002597366 0 0 0 0 0 0

1 1 2 2 1

12 12 6 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0.140785608
0 0.032778443 0.018790686 0.167533376 0.167533376 0.155515945
0.140785608 0.155515945 0 0.020761012 0 0 0 0

1 1 2 2 1

13 13 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0.078912549 0 0 0.921087451 0 0 0 0
0 0 0 0

1 1 1 2 1

10 10 1 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 1 1 2 1

11 11 1 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 1 1 2 1

12 12 1 0 0 0 0 0.2
0.2 0.4 0.2 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
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1970

1970

1970

1972

1972

1972

1972

1972

1972

1972

1972

0 0 0 0 0 0 0 0 0 0 0
0 0

1 1 1 2 1

13 13 1 0 0 0 0 0
0.399999963 0.399999963 0 0.200000074 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 1 1 2 1

14 14 1 0 0 0 0
0.125000014 0 0.250000029 0.250000029 0.374999928 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 1 1 2 1

15 15 1 0 0 0 0 0
0 0 0 0.600000037 0.399999963 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 1 1 2 1

10 10 3 0 0 0.357695613 0
0 0.294067069 0.348237318 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 1 1 2 1

11 11 4 0 0 0 0.199537458
0.256873458 0.153664321 0.264452888 0 0.125471875 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 1 1 2 1

12 12 4 0 0 0 0.096437237
0.172552155 0.226893816 0.334139005 0.107402542 062875246 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 1 1 2 1

13 13 4 0 0 0 0.077609994
0.189845986 0.146384389 0.141855548 0.040834797 24109634
0.092185151 0.070087795 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 1 1 2 1

14 14 4 0 0 0 0.053679451
0.053679451 0.081682232 0.202789037 0.107358902 230091818
0.095430135 0.120909523 0.053679451 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 1 1 2 1

15 15 3 0 0 0 0 0
0.106647707 0 0 0 0.189595923 0.189595923 0.544150
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 1 1 2 1

16 16 1 0 0 0 0 0
0 0 0 0.5 0.5 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 1 2 2 1

11 11 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.39656312 0 0 0
0 0 0 0.60343688 0 0 0 0 0 0
0 0 0 0
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1972

1973

1973

1973

1973

1973

1973

1973

1973

1973

1973

1

12

0 0
0 0
0 0
0 0

1

10
0.185059423
0 0
0 0
0 0

1

11
0.204501693
0 0
0 0
0 0

1

12
0.142846845
0 0
0 0
0 0

1

13
0.093381163
0.023198239
0 0
0 0
0 0

1

14
0.046149614
0.085337362
0 0
0 0
0 0

1

15
0.121434769
0.092243719
0 0
0 0
0 0

1

16
0.096126108
0.109901074
0 0
0 0

1

17
0 0
0 0
0 0
0 0

1

18
0 0
0 0
0 0
0 0

1
9
0 0
0 0

1 0
0 0

1
12
0 0
0 0
0 0
1
10
0 0
0 0
0 0
0 0
1
11
0.607250093
0 0
0 0
0 0
1
12
0.508746102
0 0
0 0
0 0
1
13

0.328032625
0.022366145

0 0
0 0
1
14

0.289390117
0.002801414
0
0

B L.O00O0

5
0.060717385
0.042424326

0 0

0 0
1

16
0.105373901
0.428442468

0 0

0 0
1

17

1 0

0 0

0 0
1

18

0 0

0 0

0 0
1

9

0 0

0 0

0 0

2
1
0 0
0 0
0 0
1
2
0 0
0 0
0 0
1
7
0.034129988
0 0
0 0
0 0
1
7
0.166407906
0 0
0 0
0 0
1
7
0.284010174
0 0
0 0
0 0
1
7

0.114316002
0.034166531

0 0
0 0
1
6

0.042424326
0.219765918

0 0
0 0
1
0 0
0.109901074
0 0
0 0
1
1
0 0
0 0
0 0
1
1
0 0
0 0
0 0
2
1
0 0
0 0
0 0

[eNoNoNeNN)

ONOOO OpOOoOOoO ON onN

o o

o o

o N

[eNeoNeoNeolNNoNe]

coo%pn

cooon

oOr OO

0.029063818
0
0
0

0
0.028694684

0

0

0

0
0.142847787

0.020199828

0
0

0
0.20696956
0.016071271

0

0

0
0.165399028
0.085999372

0

0

0

0.133941934

0 0

o o

[eNoNoge) [eNoNoNa)

oo o©°

1
0 0 0
0 0 0
0 0 0
0 0 0
1
0 0.814940577
0 0 0
0 0 0
0 0 0
1
0.125054409
0 0 0
0 0 0
0 0 0
1
0 0.127819333
0 0.02548513
0 0 0
0 0 0
1
0.049394891
036869148
0 0
0 0 0
0 0 0
1
0 0.115152871
86843843
0 0.002801414
0 0 0
0 0 0
1
0 0
169891157
0 O 0
0 0 0
0 0 0
1
0 0 0
0.01631344
0 0
0 0 0
0 0
1
0 0 0
0 0 0
0 0 0
0 0 0
1
0 0 0.5
0 0 0
0 0 0
0 0 0
1
0 0 0
0 0 0
0 0 0
0 0 0
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1973

1973

1973

1973

1974

1974

1974

1974

1974

1974

1974

1974

1 1 2 2 1

10 10 4 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0.077806314 0
0 0.551110441 0 0 0.293276931 0.077806314 0 0
0 0 0 0 0 0

1 1 2 2 1

11 11 4 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0.23345453

0 0.238930009 0.155304506 0 0 0 0.372310955 0
0 0 0 0 0 0

1 1 2 2 1

12 12 3 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0.271336091
0.066554136 0 0.204781956 0 0 0.047763906 0.2@6mB1
0 0 0.204781956 0 0 0 0

1 1 2 2 1

14 14 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 0 0 0 0

0 0

1 1 1 2 1

10 10 2 0 0.252775406 0.249074868
0.498149727 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0

1 1 1 2 1

11 11 5 0 0.008921674 0.037353378
0.473438868 0.24782846 0.23245762 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 1 1 2 1

12 12 8 0 0 0.15782358
0.451855844 0.054704564 0.24300172 0.074411798 0 0 O
0 0 0 0 0 0 0 0 0.018202494 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 1 1 2 1

13 13 8 0 0 0.051449827
0.379051525 0.329253749 0.178124479 0.062120421 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 1 1 2 1

14 14 8 0 0 0 0.12137639
0.292851649 0.310144272 0.072742588 0.013255554 027063424
0.054188707 0 0.054188707 0 0.054188707 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 1 1 2 1

15 15 8 0 0 0 0.066766325
0.268615118 0.180303306 0.26264545 0.078118755 1281833
0.131237716 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 1 1 2 1

16 16 7 0 0 0 0
0.130125236 0 0.021503748 0.097042548 0.021503748 0.177280051
0.344104051 0.068528421 0 0.139912198 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 1 1 2 1

17 17 4 0 0 0 0 0
0.170887925 0 0.531110457 0 0.057453705 0 0.2401547
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1974

1974

1974

1974

1974

1975

1975

1975

1975

1975

1975

0 0
0 0
0 0
1
18
0 0
0 0
0 0
0 0
1
9
0 0
0 0
0 0
0 0
1
10
0 0
0 0
0 0
0 0
1
11
0 0
0 0
0.185873602
0 0
1
12
0 0
0 0
0 0
0 0
1
11
0.119945546
0 0
0 0
0 0
1
12
0.025222932
0.161768993
0 0
0 0
1
13
0.037431026
0.204089929
0 0
0 0
0
1
14
0.076552481
0.032508104
0 0
0 0
0 0
1
15
0.071735078
0.013523826
0 0
0 0
1
16
0 0

0.117596932

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

1 1 2 1

18 1 0 0 0 0 0

0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 2 2 1

9 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0

1 2 2 1

10 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0.196540877 0 0.803459123

0 0 0 0 0 0 0 0 0

0 0

1 2 2 1

11 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
0 0 0 0 0 0.814126398 0 0

0 0 0

1 2 2 1

12 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0

1 1 2 1

11 4 0 0 0.031262957 0
0 0 0 0.818831162 0.029960334 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0

1 1 2 1

12 7 0 0 0 0
0.004163096 0.142224415 0.200858156 3236837993 0
0 0.142224415 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1 1 2 1

13 7 0 0 0 0.010276078
0.111786844 0.135894049 0.284103295 102044962
0.024657706 0.089716112 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 1 2 1

14 7 0 0 0 0.02853077
0.074643629 0.212519082 0.029802768 281607734
0.212490219 0.025672607 0.025672607 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 1 2 1

15 0 0 0 0.035279546
0.229464053 0.13388588 0 0.027047653  .475B840138
0 0 0.013523826 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1 1 2 1

16 5 0 0 0 0.127822751

0.29399233 0.240093739 0.122496807 0 0.0974974
0 0 0 0 0 0 0 0 0

168



0.224719097

0.280898883

0.269662923 0

1
17

0

1975

Te)
o @ No e
o oQoo ocoooo ocoooo —“o0oo o9 oo o - oo o oo oo ocoocoo ocoocoo
o o © o
O dHdo9P00 HOOOO HOOOO HOOOO HOOO0OO HO 00 HOo OO0 «HO OO0 HOO0OO0OO «HOoOOOoOOo
o n . e o
o o9 oo coocoo coocoo coocoo o9 oo o oo o oo o oo coocoo coocoo
o ™
o © ]
o o© oo coocoo coocoo coocoo o9 oo o oo o oo oQRoo coocoo coocoo
V]
v,
&
©
o Q %
oOoNoO©Ooo NoodHoOo Noooo Noooo NooOooo Nooo N o M oo No oo Nodoo No-Hoo
N~
T}
IS¢
N
) ) e )
oo cooo cooo cooo cooo ocoo oo oo oo cooo cooo
o n
© — - - “q® - a s N - -
coTnNOoo NHdooo NHdooo —“ooo ‘0O oo - - oo “WYyooco“d-ocooco“-dooo0o —“o0ooo
N~
T}
m
& <
o o o o
oo ocoo ocooo oo« ocooo ocoo oo ocooo ocooo cooo cooo
Q
0 ©
o o o~ — o~ ™ < To) © ™~
®Cco“docoo —“dooo —“dooo “dooo —“dooo —dSoo o Rooo ®°coco“dooo —Zdooo
<
—
N~
T}
Te) ©
N~ N N N~
Qoo cooo cooo cooo cooo Oooo cooo cooo Qooo cooo oo oo
> ©
— ©
~ ©
< ©
S o g
d © o ~ — o N ™ < 0 © ~
coo " Hoooo ' doooo " doooo " dHdoooo ‘' doooo " doooo 7" doooo " doooo " Hoooo " Hoooo

1975
1975
1975
1980
1980
1980
1980
1980
1980
1980
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1982

1982

1982

1982

1982

1982

1983

1983

1983

1983

1983

0 0
0 0
0 0
0 0
1

10
0.166666667
0 0
0 0
0 0
1

11
0.285714286
0 0
0 0
0 0
1

12

0.25 0.25
0 0
0 0
0 0
1

13

0 0.5
0 0
0 0
0 0
1

14

1 0
0 0
0 0
0 0
1

15

0 0
0 0
0 0
0 0
1

9

0 0
0 0
0 0
0 0
1

10
0.253246748
0 0
0 0
0 0
1

11
0.378640778
0 0
0 0
0 0
1

12
0.182897859
0 0
0 0
0 0
1

13
0.063311686
0.124999999
0 0
0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 2
10 1 0
0.166666667 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0
1 1 2
11 1 0
0.142857143 0.142857143 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 2
12 1 0
0.25 0 0 0 0
0 0 0 0 0
0 0 0 0
1 1 2
13 1 0
0 0 0.25 0 0
0 0 0 0 0
0 0 0 0 0
1 1 2
14 1 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 2
15 1 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 2
9 1 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 2
10 2 0
0.246753252 0 0 0.5
0 0 0 0 0
0 0 0 0 0
0 0 0
1 1 2
11 2 0
0.245954696 0 0.249190937
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 2
12 2 0
0.185273161 0 0.361045132
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 2
13 2 0
0 0.063311686 0.561688318
0.063311686 0.061688312 0
0 0 0 0 0
0 0 0 0 0

[eNeoNe]

[eNoNe]

loNeoNoNa) oNeoNoNa) [eNoNCR=] OOOO

ocoo©°

0

0
0
0

0 0 0
0 0 0
0 0 0
1
0.5 0.166666667
0 0 0
0 0 0
0 0 0
1
0.285714286
0 0.1426857
0 0 0
0 0 0
1
0 0.25 0
0 0 0
0 0 0
0 0 0
1
0 0 0.25
0 0 0
0 0 0
0 0 0
1
0 0 0
0 0 0
0 0 0
0 0 0
1
0 1 0
0 0 0
0 0 0
0 0 0
1
0 0 1
0 0 0
0 0 0
0 0 0
1
0 0
0 0 0
0 0 0
0 0 0
1
0 0
0.126213589 0 0
0 0 0
0 0 0
1
0 0
0.180522566 0.090261283
0 0 0
0 0 0
1
0 0
0.061a8831
0 0 0
0 0 0
0 0 0
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1983

1983

1983

1984

1984

1984

1984

1984

1984

1985

1985

1985

1

14

0 0
0 0
0 0
0 0
1

15

0 0
0 0
0 0
0 0
1

16

0 0
0 0
0 0
0 0
1

9

0 0
0 0
0 0
0 0
1

10

0.25 0
0 0
0 0
0 0
1

11
0.571428571
0 0
0 0
0 0
1

12
0.142857143
0 0
0 0
0 0
1

13

0 0
0 0
0 0
0 0
1

14

0 0
0 0
0 0
0 0
1

9
0.387254321
0 0
0 0
0 0
1

10
0.426584917
0.033112387
0 0
0 0
1

11
0.090127561
0.018138803

1 1 2 1
14 2 0 0 0 0
0.5 0.253246748 0 0.246753252 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0

1 1 2 1
15 2 0 0 0 0
0.506493497 0 0.493506503 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0

1 1 2 1
16 1 0 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 1 2 1
9 1 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 1 2 1
10 1 0 0 0 0.25
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 1 2 1
11 1 0 0 0 0

0 0.142857143 0.285714286 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0

1 1 2 1

12 1 0 0 0 0
0.428571429 0 0.285714286 0.142857143 O
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

0 0 0 0 0

1 1 2 1
13 1 0 0 0 0
0 0.333333333 0 0.333333333 0.333333333
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0

1 1 2 1
14 1 0 0 0 0
1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 1
9 0 0.065683289

0.188648178 0.358414212 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0

1 1 2 1

10 9 0 0 0.133605475
0.247035259 0.061721697 0.068908393 029031871
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1 1 2 1
11 9 0 0 0.066326226

0.267012013 0.281215882 0.259040712 0 O
0.018138803 0 0 0 0 0 0

[eNoNoNe]

ocoookbtr

o o

[eNoNoNe]
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1985

1985

1985

1985

1985

1985

1985

# Year
1948

1948

1948

1948

0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
1 1 2 1
12 9 0 0 0 0.076914119
0.328947886 0.187001463 0.032376661 025028328
0.021034365 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 1 2 1
13 9 0 0 0.007892154
0.066347868 0.122392647 0.380611955 173830287
0.037859128 0.063463327 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 1 2 1
14 8 0 0 0 0.082377018
0.354149119 0.186303252 0.077084333 0 0.21770926
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0
1 1 2 1
15 4 0 0 0 0
0.285353213 0.078560568 0 0.090579815 O
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 1 2 1
17 1 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 2 2 1
9 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0
1 2 2 1
10 2 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0.194163605 0.805836395
0 0 0 0 0 0 0 0 0
0 0
# Historical fishery north: sorted by year, gendeye-at-length bin observations (N=42)
Gender  Partition ageerr Lbin_ldin_hi Nsamp  Data: females then males
2 1 2 1
8 1 0 0 0 1 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
2 1 2 1
9 1 0 0 0.666666667
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0
2 1 2 1
10 1 0 0 0.380952381
0.19047619 0.047619048 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0
2 1 2 1
11 1 0 0 0.186046512
0.279069767 0.023255814 0.023255814 0 0
0 0 0 0 0 0 0 0 0

0 0
0 0

1

12
0.304818461
0.022978718
0 0
0 0

1

13
0.010752554
0.13448968
0 0
0 0
0 0

1

14
0.082377018
0 0
0 0
0 0

1

15

0.285353213
0.260153191

0 0
0 0
1

17

0 0
0 0
0 0
0 0
1

9

0 0
0 0
0 0
0 0
1

10

0 0
0 0
0 0
0 0

Season  Type

1

8

0 0
0 0
0 0
0 0

1

9
0.333333333
0 0
0 0
0 0

1

10
0.380952381
0 0
0 0
0 0

1

11
0.488372093
0 0



1948

1948

1948

1948

1948

1948

1948

1948

1948

1948

1948

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

11 11 1 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

12 12 0 0 0.051948052
0.285714286 0.363636364 0.207792208 0.090909091 0 O 0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

12 12 1 0 0 0.25 0.25 0.25
0 0.25 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

13 13 0 0 0 0.131578947
0.289473684 0.302631579 0.197368421 0.065789474 013057895 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

13 13 1 0 0 0 0 0
0.166666667 0.333333333 0 0.333333333 0.166666667 0O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1

14 14 2 0 0 0 0.085106383
0.14893617 0.319148936 0.244680851 0.170212766 21P7B596 0
0.010638298 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 2 1 2 1

14 14 1 0 0 0 0
0.333333333 0 0.666666667 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 2 1 2 1

15 15 2 0 0 0 0
0.032786885 0.262295082 0.37704918 0.196721311 81087213
0.016393443 0.032786885 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

15 15 1 0 0 0 0 0
0 0.333333333 0.666666667 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1
16 16 2 0 0 0 0.016949153
0.06779661 0.06779661 0.338983051 0.152542373 0838B83
0.084745763 0 0.033898305 0.016949153 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1
16 16 1 0 0 0 0 0
0.666666667 0 0.333333333 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
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1948

1948

1948

1948

1948

1948

1948

1948

1948

1949

1949

1949

1

17
0.042553191
0.063829787
0 0
0 0

1

18
0.066666667
0.066666667
0 0
0 0

1

18
0 0.5
0 0
0 0
0 0

1
9
0 0
0 0
0 0
0 0

1

10
0 0
0 0
0.333333333
0 0

1

11
0 0
0 0
0 0
0 0

1

12
0 0
0 0
0.181818182
0 0

1

13
0 0
0 0
0.166666667
0 0

1

14
0 0
0 0
0.333333333
0 0

1
9
0 0
0 0
0 0
0 0

1

10
0.555555556
0 0
0 0
0 0

1

11
0.333333333
0 0

2

17
0.276595745
0 0

0 0

0 0

2

18
0.133333333
0 0

0 0

0 0

2

18

0.5 0

0 0

0 0

2

9

0 0

0 0

0 0

2

10

0 0

0 0
0 0

0 0

2

11

0 0

0 0

0.05 0

2

12

0 0

0 0
0.181818182

0 0

2

13

0 0

0 0
0.333333333

0 0

2

14

0 0

0 0
0.333333333

0 0

2

9

0 0

0 0

0 0

2

10
0.222222222

0 0

0 0

0 0

2

11
0.333333333

0 0

1

1
0.255319149
0 0

0 0

0 0
1

1
0.066666667
0 0

0 0

0 0
1

1

0 0

0 0

0 0

2

1

0 0

0 0

0 0

2

1

0 0

0 0
0 0

0

2

1

0 0

0 0

0 0

2

1

0 0

0 0
0.181818182

0 0

2

1

0 0

0 0
0.333333333

0 0

2

1

0 0

0 0
0.333333333

0 0
1

1

0 0

0 0

0 0
1

1
0.111111111

0 0

0 0

0 0
1

1
0 0

0 0

2 1
0 0 0 0 0
0.276595745 085006383
0 0 0 0 0
0 0 0 0 0
0 0 0
2 1
0 0 0 0 0
0.2 0.26666666 0.2
0 0 0 0 0
0 0 0 0 0
0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 1 0 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.333333333 0.333333333
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0.1 0.25 0.3 0.25 0.05
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.181818182 0.272727273
0 0 0 0 0
0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0.166666667
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0
0 0 0 0 0
2 1
0 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0.111111111 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0
2 1
0 0 0 0.333333333
0 0 0 0 0
0 0 0 0

174



1949

1949

1949

1949

1949

1949

1949

1949

1949

1949

1949

1949

0 0 0 0 0 0
0 0 0 0 0

1 2 1

12 12 1

0.4375 0.1875 O 0 0.03125 O
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

13 13 2
0.12962963 0.537037037 0.203703704
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 2 1

14 14 2
0.157142857 0.214285714 0.271428571
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 2 1

15 15 1

0.12 0.38 0.24 0.14 0 0.02
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

16 16 1

0.1 0.225 0.35 0.225 0.05 0.05
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

17 17 1
0.057142857 0.171428571 0.114285714
0.057142857 0.028571429 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 2 1

18 18 1

0 0.0625 0.15625 0.21875 0.25

0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 2

8 8 1

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 2

9 9 1

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 2

10 10 1

0 0 0 0 0 0
0 0 0 0 0 0
0 0.066666667 0 0 0
0 0 0 0

1 2 2

11 11 1

0 0 0 0 0 0
0 0 0 0 0 0
0.275862069 0.206896552 0.103448276
0 0 0 0 0 0
1 2 2

12 12

0.1875

0 0 0 0 0
2 1
0 0 0 0.0625  0.28125
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1
0 0 0 0.037037037
0.092592593 0 0 0
0 0 0 0 0
0 0 0 0 0
0
2 1
0 0 0 0.028571429
0.2 0.1 0oRED 0
0 0 0 0 0
0 0 0 0 0
0
2 1
0 0 0 0 0.1
0 0 0 0 0
0 0 0 0 0
0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0.285714286 285014286
0 0 0 0 0
0 0 0 0 0
0 0 0 0
2 1
0 0 0 0 0
0.09375 @®310 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
1 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.25 0.25 0.25 0.25
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.2 0.533333333 0.2
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.137931034 0.24137931
0.034482759 0 O 0
0 0
2 1
0 0 0 0 0
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1949

1949

1949

# Year
1966

1966

1966

1966

1966

1966

1966

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.05 0.25 0.25 0.25
0.1 0.075 0.025 0 0 0 0 0 0 0 0
0 0
1 2 2 2 1
13 13 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.1 0.5 0.3
0.1 0 0 0 0 0 0 0 0 0 0
0 0
1 2 2 2 1
14 14 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0.5 0.5 0 0 0 0 0 0 0 0 0
0 0
1 2 2 2 1
16 16 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
0 0
# Fishery north: sorted by year, gender, age-ajtkehin observations (N=420)
Season  Type Gender  Partition ageerr Lbin_ldin_hi Nsamp  Data: females then males
1 2 1 2 1
9 9 1 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 1 2 1
10 10 5 0 0.202530155 0.098306969
0.361471473 0.230709143 0 0.10698226 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1 2 1
11 11 25 0 0.009670538 0.125274768
0.411157003 0.382543858 0.061137319 0.010216514 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
1 2 1 2 1
12 12 26 0 0 0.063889112
0.377000761 0.449624668 0.073307781 0.032692319 003885358 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 2 1 2 1
13 13 26 0 0.003786224 0.01508697
0.273139736 0.483532213 0.127033235 0.074473539 010823738
0.008612921 0.003511424 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0
1 2 1 2 1
14 14 26 0 0 0.004574023
0.123310552 0.458746435 0.176355826 0.127564651 04401395
0.035347955 0.019610363 0.010376243 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 1 2 1
15 15 26 0 0 0 0.101252098
0.279498267 0.243273679 0.116743349 0.139160494 047021662
0.020207714 0.029926982 0.015870063 0.006645692 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
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1966

1966

1966

1966

1966

1966

1966

1966

1966

1966

1966

1

16
0.06048689
0.08999261
0 0
0 0
0 0
1

17
0.061443815
0.160136811
0.048063655
0 0
0 0
1

18
0.10400268
0.320285199
0 0
0 0
1

9

0 0
0 0
0 0
0 0
1

10

0 0
0 0
0.386375172
0 0
1

11

0 0
0 0

0.175603202
0.105624295

0 0
1
12
0 0
0 0
0.050299726
0.063118773
0 0
1
13
0 0
0 0
0.14358779
0.049966052
0
1
14
0 0
0 0
0.300956633
0 0
1
15
0 0
0 0
0 0
0 0
1
16
0 0
0 0

2 1 2 1

16 21 0 0 0 0.02781124
0.178690003 0.301813958 0.107073717 86837704
0.040171058 0.040171058 0.05356141 0 013890352

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0

2 1 2 1

17 11 0 0 0 0
0.068356594 0.140032516 0.075116835 302658808
0.048063655 0.048063655 0 0.048063655 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0

2 1 2 1

18 8 0 0 0 0
0 0.10095004 0 0.221717716 0.098088505
0.078966906 0 0 0 0.075988954 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 2 2 1

9 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0

2 2 2 1

10 10 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0.062731881 0.068200926 0.23440661
0.114254095 0 0.134031317 0 0 0 0

0 0 0 0 0 0

2 2 2 1

11 21 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0.03283623 0.134899959
0.200798235 0.162632824 0.075753988 077042971
0.017587208 0.017221089 0 0 0 0 0

0

2 2 2 1

12 20 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.092888361 0.108492085
0.131533762 0.134258879 0.145465087 160804289
0.018661211 0.056252672 0.018212635 020812519 0

0 0

2 2 2 1

13 13 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.045469289 0.095208883
0.125357489 0 0.095208883 0.174368875  .182R20703
0.048899508 0.039712529 0 0 0 0 0
2 2 2 1

14 4 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0.257565421
0 0 0 0 0 0.172649699 0.268828248

0 0 0 0

2 2 2 1

15 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0.512888967

0 0.487111033 0 0 0 0 0 0

0 0

2 2 2 1

16 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
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1968

1968

1968

1968

1968

1968

1968

1968

1968

1968

1968

0.2732023 0.391835414

1 0 0 0 0 0
0 0

1 2 1
9 9 5
0.339119341 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0

1 2 1

10 10 6
0.495802276 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0

1 2 1

11 11 35
0.49390669 0.246340964 0.058079725
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

1 2 1

12 12 43
0.284015847 0.277837761 0.186236215
0.002641604 0 0.002505 0 0
0 0 0 0 0 0
0 0 0 0 0 0

1 2 1

13 13 43
0.133439772 0.210647161 0.296920264
0.011477233 0 0.002881188
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0

1 2 1

14 14 43
0.050814425 0.114702536
0.009579291 0.008195425 0.004385802
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

15 15 43
0.076127741 0.18667307 0.406274531
0.037069073 0.021142063 0.001941258
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

16 16 42
0.046212172 0.147535501 0.367597356
0.084011686 0.040090696 0.026888177
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

17 17 28
0.073762747 0.265521841 0.254212167
0.085662121 0.030328406 0.018473677
0 0 0 0 0 0
0 0 0 0 0 0

1 2 1

18 18 13
0 0.193002413 0.144390515
0.160750307 0.072267798 0.072267798
0 0 0 0 0 0
0 0 0 0 0 0

1 2 2
9 9 2
0 0 0 0 0 0
0 0 0 0 0 0

onN

[« NNeoNeNa]

0.136291661

e NNeoNe]

0.278006833
0.001952142

0.169646628

0.174639799

o o

onN

0.173155745

onNnpOOo

0.054095195

0 0 0 0
1
0 0.660880659
0 0 0 0
0 0 0 0
0 0 0 0
1
0 0.504197724
0 0 0 0
0 0 0 0
0 0 0 0
1
0.014439284 0.16986628
0.017367057 0 0 0
0 0 0 0
0 0 0 0
0
1
0 0.098964734
011807178
0 0 0 0
0 0 0 0
0 0 0 0
1
0.003819952 0.026846838
03289057
0.001618047 O 0
0 0 0 0
0 0 0 0
1
0 0.009344038
7531502 0.045239373
0.005149894 0 O 0
0 0 0 0
0 0 0 0
1
0 0 0.014140671
81807519
0.005577446 0 O 0
0 0 0 0
0 0 0 0
1
0 0 0.006667737
101072433
0.005284443 0 O 0
0 0 0 0
0 0 0 0
1
0 0 0 0
098883297
0 0 0 0
0 0 0 0
0 0 0 0
1
0 0 0 0
0.242600242 0.060625732
0 0 0 0
0 0 0 0
0 0 0
1
0 0 0 0
0 0 0 0
327874746 0 0
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1968

1968

1968

1968

1968

1970

1970

1970

1970

1970

1970

0.344250509

0.327874746

0 0 0 0
1 2
10 10
0 0 0 0
0 0 0 0
0.171123609 0.184937158
0.061398313 0 0
1 2
11 11
0 0 0 0
0 0 0 0
0.142688443 0.145426212
0.024591241 0.027529898
0 0 0 0
1 2
12 12
0 0 0 0
0 0 0 0
0.059289111 0.079352748
0.160747408 0.033009368
0.011558087 0 0
1 2
13 13
0 0 0 0
0 0 0 0
0.046428567 0.170751501
0.171016507 0.041269894
0 0
1 2
14 14
0 0 0 0
0 0 0 0
0 0.680518622 0
0 0 0 0
1 2
9 9
0 0 0 0
0 0 0 0
0 0 0 0
0 0
1 2
10 10
0.386645971 0.382247632
0.01697074 0 0
0 0 0 0
0 0 0 0
1 2
11 11
0.32218239 0.328379839
0.003829986 0 0
0 0 0 0
0 0 0 0
1 2
12 12
0.259974073 0.285316892
0.041839238 0.00901191
0 0 0 0
0 0 0 0
0 0 0
1 2
13 13
0.133467757 0.290069748
0.084048374 0.031688547
0 0 0 0
0 0 0 0
0 0 0
1 2
14 14
0.030111534 0.166125258

0 0
0 0
2
10
0 0
0 0

0.174533642

0 0
2
31
0 0
0 0

0.239582912
0.062061551

2

29

0 0

0 0
0.24049526
0.023881931
0 0

2

16

0 0

0 0

0.028304446
0.178595757

2
3
0 0
0 0
0 0
1
3
0 0
0 0
0 0
1
24
0.097565965
0 0
0 0
0 0
1
44
0.146846687
0 0
0 0
0 0
1
48
0.198064875
0.004792833
0 0
0 0
1
48

0.218492607
0.014325723

0 0
0 0
1
48

0.236044305

0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.10238361 0.247136727
0 0 0.05848694 0
0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0.013723074 0.072215315
0.132197432 127888171
0.01209575 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0.022620048 0.034464746
0.153381936 1000D491
0.047275719 023814148 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.045631885 0.047742744
0.229751707 040806993
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0.319481378
0 0 0 0 0
2 1
0 0 0 1 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1
0 0.087705958
0 0.009678311 0.019185423
0 0 0 0 0
0 0 0 0 0
0 0 0 0
2 1
0 0 0.133017277
0.048032045 17014777
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.061735347
0.084290499 052807886
0 0 0.002566447 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.016029203
0.118070539 089617923
0.004189578 0 O 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.002611601
0.173074604 145p67007
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1970

1970

1970

1970

1970

1970

1970

1970

1970

1970

0.162742197 0.045410706 0.017545842 0.004766424 011001696
0.00260146 0.002597367 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 2 1 2 1
15 15 45 0 0 0 0
0.061244144 0.190565623 0.208182384 0.164589487 221811068
0.098199946 0.030953097 0.012168145 0.004058387 0 0.004169333
0.004058387 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1
16 16 42 0 0 0 0.007342792
0.012986436 0.09264815 0.154475576 0.254012015 21075878
0.154104521 0.030883821 0.034719577 0.015300358 007044895
0.007460086 0 0 0 0 0.007144895 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1

17 17 23 0 0 0 0 0
0.030579132 0.04819712 0.184491635 0.364636892 828111927
0.142544941 0.031683846 0.015054506 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

18 18 14 0 0 0 0 0
0 0.058643024 0.215751122 0.342818437 0.090738954 0.101731458
0.049749499 0.090818006 0.049749499 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 2 2 1
9 9 8 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.224705468 0.414299021
0.161992468 0.087452395 0.111550648 0 0 0 0 0
0 0 0 0 0 0 0

1 2 2 2 1

10 10 24 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.013987147 0.164185977
0.242588886 0.191054406 0.105278035 0.128014444 1298622805
0.011496801 0 0.013871499 0 0 0 0 0 0
0 0

1 2 2 2 1

11 11 39 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.00577214 0.026574546
0.148407612 0.162986766 0.186156443 0.134640457 170058739
0.077882792 0.03841887 0.012287088 0.017794485 06881848
0.006466012 0.005372203 0 0 0 0

1 2 2 2 1

12 12 34 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.01655327 0.035101099
0.05356631 0.060622209 0.145920838 0.138457465 92852203
0.122461668 0.073290776 0.02701803 0.006966939 1903052
0.008458673 0 0 0 0 0

1 2 2 2 1

13 13 22 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0.086186627
0.060624962 0.079669802 0.084983892 0.242045746 148884926
0.135495849 0.046469212 0.071816124 0.043822861 0 O 0

0 0 0

1 2 2 2 1

14 14 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0.276944395 0.223055605 0.223055605 0 0.276%4439 0

0 0 0 0 0 0
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1970

1971

1971

1971

1971

1971

1971

1971

1971

1971

1971

1

15
0 0
0 0
0.306090003
0 0

1

10
0.285714315
0 0
0 0
0 0

1

11
0.31405972
0 0
0 0
0 0

1

12
0.293732914
0.006653256
0 0
0 0
0

1

13
0.157059214
0.017174148
0 0
0 0
0

1

14
0.142028485
0.010427966
0 0
0 0
0 0

1

15

0.100291088
0.170504256

0 0
0 0
0
1
16
0.034130701
0.098618166
0 0
0 0
1
17
0 0
0.078209144
0 0
0 0
1
18
0.342387903
0 0
0 0
0 0
1
9
0 0
0 0
0 0
0 0

2 2 2 1

15 3 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
0 0.354914188 0 0.338995809 0 0 0

0 0 0

2 1 2 1

10 1 0 0 0.285714247
0.428571438 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0

2 1 1

11 4 0 0 0.055787189
0.486409096 0.143743995 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0

2 1 2 1

12 4 0 0 0.113754342
0.440205288 0.079288418 0.053587112 006069375
0 0 0.006509294 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

13 4 0 0 0.091128689
0.319538598 0.30063148 0.066105814 050715
0.042637342 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

14 4 0 0 0.011066482
0.195205897 0.164362957 0.031283903 078644848
0.356252434 0 0.010827027 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

15 4 0 0 0 0.028355955
0.102018217 0.097469121 0.04148879 04068861
0.114837492 0.04096622 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

16 0 0 0 0
0.034130701 0.034130701 0 0.034130701 0.664982895
0.034130701 0.065745434 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

17 3 0 0 0 0.078209144

0 0.07993885 0.153535666 0.308801073 0.15@5530
0.075326522 0 0.075326522 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

2 1 2 1

18 3 0 0 0 0
0 0 0 0.322632738 0.334979359 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0

2 2 2 1

9 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0.333333333 0.666666667 0

0 0 0 0 0 0 0 0 0

0 0
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1971

1971

1971

1971

1971

1972

1972

1972

1972

1972

1972

1

10
0 0
0 0
0.294117662
0 0

1

11
0 0
0 0
0.130006429
0.065003199

1

12
0 0
0 0
0 0
0.06940896

1

13
0 0
0 0
0 0
0 0

1

14
0 0
0 0
0 0
0 0

1
9
0.883643019
0 0
0 0
0 0

1

10
0.51611901
0.132700718
0 0
0 0

1

11
0.327813384
0.095456945
0.002275182
0 0
0 0

1

12
0.177224937
0.017980833
0.001014108
0 0
0 0

1

13
0.098190322
0.009537217
0 0
0 0
0 0

1

14
0.059669649
0.097728105
0.00156114
0 0
0 0

2 2 2 1

10 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.176470592
0.058823521 0.058823521 0 0.294117662 0.058823521

0 0 0.058823521 0 0 0 0

2 2 2 1

11 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.065003199 0
0.065003199 0 0.130006429 0.284964717 0.195009628
0.065003199 0 0 0 0 0 0 0
2 2 2 1

12 4 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.036829466 0

0.411512229 0.411512319 0 0 0.034704472
0 0.036032554 0 0 0 0

2 2 2 1

13 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0.341730297 0.658269703 0 0 0 0

0 0

2 2 2 1

14 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0
2 1 2 1

9 2 0 0 0 0.116356981
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0

2 1 2 1

10 9 0 0 0.07608336
0.152395767 0.03070456 0.081887473 000®N12 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

2 1 2 1

11 16 0 0 0.072096793
0.176591147 0.151941909 0.066752773 039875084
0.035095175 0.032501608 0 0 0 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0

2 1 2 1

12 17 0 0 0.016325467
0.368593466 0.26580617 0.071428748 34037428
0.002996124 0.027574363 0.001984303 014814053 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0

2 1 2 1

13 17 0 0 0.00225985
0.212395753 0.384109327 0.229828316 032859956
0.005035644 0.022844779 0.002104567 001034269 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0

2 1 2 1

14 17 0 0 0.001734508
0.119151625 0.276555409 0.20570406 09pa31814
0.014631498 0.008928038 0.005054154 0 O 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0
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1972

1972

1972

1972

1972

1972

1972

1972

1972

1972

1973

1 2 1

15 15 17
0.060159034 0.15057712 0.320692778
0.018912074 0.071900614 0.015924973
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

16 16 16
0 0.055818145 0.120677958
0.360981431 0.00454449 0.04484368
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

17 17 11
0.075782711 0 0 0.048170504
0.347455194 0.038467559 0.094092948
0 0 0 0 0 0
0 0 0 0 0 0
0 0

1 2 1

18 18 9
0.042273652 0 0.160870038
0.481416528 0 0.038388818 0
0 0 0 0 0 0

0 0 0 0 0 0

1 2 2

9 9 4

0 0 0 0 0 0

0 0 0 0 0 0
0.052234464 0 0.069681562 0
0 0 0 0 0 0

1 2 2

10 10 9

0 0 0 0 0 0

0 0 0 0 0 0
0.111140346 0.276933974 0.181782705
0.012362626 0.012362626 0 0
0 0 0

1 2

11 11 15

0 0 0 0 0 0

0 0 0 0 0 0
0.076897181 0.136269308 0.208924563
0.156147636 0.036852009 0.104635422
0 0 0 0

1 2 2

12 12 13

0 0 0 0 0 0

0 0 0 0 0 0

0.183273833
0.135072077

0 0
1

13

0 0
0 0
0.108298877
0.077777266
0

1

14

0 0
0 0
0 0
0 0
1

7

0 0

0.092188675
0.085460418

0
2
13
0 0
0 0

0.077218698
0.064280156

2

14

0 0
0 0
0 0
2

7

0 0

0.082545858
0.061382374

2

10

0 0

0 0
0.036918677
0 0

2

1

0 0

0 0

1 0

1

1

0 0

0.084905045

0.041091262

0 0
0.230835871
0.054109443

0 0
0 0
2

0 0

0.040311992

0 0

0 0

2

0 0
0.104130188
0.00769174

0 0

0 0

2

0 0

1
0 0.004273784
726131308
0 0 0

0 0 0

0 0 0
1

0 0.004820419
0.132087351 0.14618907
48213119 0

0 0 0

0 0 0
1
0 0

0.20842644

0 .075082711

0 0 0

0 0 0
1

0 0 0

0.041249223 0.162136506

0.032573972 0 0 0
0 0 0 0 0
0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.812095668 0
0 0.065988306 0 0
0
2 1
0 0 0 0 0
0 0 0 0 0
0.006527271 0.012189735
0.281337654 099081749
0.006181313 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0.009618679 0.030579487
0.182068587 052066163
0.005040965 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.020671788 0.026222278
0.088511755 217806464
0.00716448 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.302568032 0.111113299
0.075807302 146017693
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 1 0 0
0 0 0 0 0
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1973

1973

1973

1973

1973

1973

1973

1973

1973

1973

1973

0 0 0 0
0 0 0 0
0 0

1 2

10 10
0.29355843 0.144857545
0 0 0 0
0 0 0 0
0 0 0 0

1 2

11 11
0.317620669 0.306797192
0.005317671 0 0
0.005041036 0 0
0 0 0 0
0

1 2

12 12
0.302162664 0.379539416
0.003159561 0.003002992
0 0 0 0
0 0 0 0
0

1 2

13 13
0.151598046 0.338643842
0.009632765 0.003208693
0 0 0 0
0 0 0 0
0

1 2

14 14
0.220824314 0.285069756
0.011410551 0.006071862
0 0 0 0
0 0 0 0

1 2

15 15
0.067199084 0.148947619
0.067942051 0.012092654
0 0 0 0
0 0 0 0
0

1 2

16 16
0.027778194 0.110844086
0.16782316 0.082634666
0 0 0 0
0 0 0 0

1 2

17 17
0.077476762 0 0
0.077193092 0.154409527
0 0 0 0
0 0 0 0

1 2

18 18
0 0.192617116 0
0.205300808 0 0
0 0 0 0
0 0 0 0

1 2
9 9
0 0 0 0
0 0 0 0
0.490200134 0 0
0 0 0 0

1 2

10 10
0 0 0 0

0 0

0 0

1

8
0 0

0 0

0 0

0 0

1

13
0.068822666
0 0

0 0

0 0

1

13
0.114348857
0 0

0 0

0 0

1

13
0.257196318
0 0

0 0

0 0

1

13

0.2901867 0.113461906

0.005363737

0.238790842
0.057013598

0 0

0 0
1

12
0.083974618
0 0

0 0

0 0
1

8
0.074111321
0 0

0 0

0 0
1

4

0 0
0 0

0 0

0 0

2

2

0 0

0 0
0 0

2

9

0 0

0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.561584025
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.227403628
0.054188758 014808382
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.099504041
0.079880172 018802297
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.022957556
0.164273753 052889027
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0.022789047
9058387 0.005363737
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0.012092654
0.191760207 204061291
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0
0.194324816613197 0.137952978
0 0 0 0 0
0 0 0 0 0
0 0 0 0
2 1
0 0 0 0
0.462135976 0.154@7332 0
0 0 0 0 0
0 0 0 0 0
0 0 0
2 1
0 0 0 0.192617116
0 0.409464959 0
0 0 0 0 0
0 0 0 0 0
0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.509799866 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
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1973

1973

1973

1973

1974

1974

1974

1974

1974

1974

0 0
0.175355654
0.039960592
0

1

11
0 0
0 0
0.122376485
0.079239047
0 0

1

12
0 0
0 0
0.09127867
0.030110347
0 0

1

13
0 0
0 0

0.110918173
0.109069749
1

14
0 0
0 0
0.497707778
0 0

1
8
0 0
0 0
0 0
0 0

1
9
0.341663868
0 0
0 0
0 0

1

10
0.322868169
0 0
0 0

0 0

1

11
0.451906626
0.030467376
0 0
0 0
0

1

12
0.203847423
0.049730776
0 0
0 0
0 0

1

13
0.168558608
0.029844252
0.005204472
0 0
0 0

0 0 0 0 0.081236938 0.250907595
0.041558341 0.289781497 0 0 0.03926059
0.039960592 0 0 0 0.04127820 0 0
2 2 2 1

11 12 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0.142904643 0.12151066
0.076761091 0.039475078 0.161221952 059076896
0.0595359 0.039363613 0.078306252 952BB83 0 0

0 0
2 2 2 1

12 12 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0.06208861 0.182794722
0.124175854 0 0.122622944 0.029879951  .119659563
0.119112472 0.060220693 0 0.028906956 0.029149218

0 0
2 2 2 1

13 7 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.110923156 0 0
0.226874103 0 0.110918173 0.221222243 0
0.110074403 0 0 0 0 0 0
2 2 2 1

14 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
0 0 0.502292222 0 0 0 0 0

0 0 0
2 1 2 1

8 1 0 0 1 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
2 1 2 1

9 2 0 0 0 0.658336132
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0
2 1 2 1

10 4 0 0 0.35840127
0.161423286 0.157307276 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0
2 1 2 1

11 9 0 0.008694047 0.105766165
0.192235585 0.113527398 0.060600966 028007789
0 0.008694047 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
2 1 2 1

12 9 0 0 0.010722763
0.253613279 0.256861227 0.10658888 90678541
0.021684802 0 0 0.006277309 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
2 1 2 1

13 9 0 0 0 0.043219381
0.349168994 0.145285739 0.145659882 066835078
0.015396766 0.010408943 0.015613415 005R04472 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0
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1974

1974

1974

1974

1974

1974

1974

1974

1974

1974

1974

1 2 1 2 1
14 14 9 0.006461276 0 0.00762296
0.04975396 0.117366453 0.204336761 0.148644758 56835039
0.063998713 0.046793109 0.051537268 0.013349448 013849448
0.006816603 0.013633205 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1 2 1
15 15 8 0 0 0 0.020268031
0.021128973 0.104429654 0.174613918 0.22887894 77010757
0.093187996 0.058080787 0.05107326 0.051561387 19065298 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0
1 2 1 2 1
16 16 9 0 0 0 0.05901667
0 0.088475843 0.085957069 0.11686075 0.168460369  .107074165
0.10486189 0.134596629 0.106174675 0.028421941 0 0 O
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0
1 2 1 2 1
17 17 6 0 0 0 0
0.061484443 0.070189814 0.140379595 0.140379627 199062811
0.064571647 0.192244817 0 0.067605653 0 0.064@159 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 1 2 1
18 18 5 0 0 0 0 0
0.166997001 0.143676056 0.083498501 0.070533551 153047176
0.159730603 0.076232103 0 0.146285009 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
1 2 2 2 1
7 7 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 2 2 1
8 8 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0.142857152 0 0.142857152
0.142857152 0 0.285714239 0.285714305 0 0 0 0
0 0 0 0 0 0 0 0
1 2 2 2 1
9 9 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.168549341 0
0.072585866 0.085784876 0.587295041 0 0.085784876 0 0
0 0 0 0 0 0 0 0
1 2 2 2 1
10 10 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.132022953 0.14278477
0.296837966 0.14278477 0.285569541 0 0 0 0 0
0 0 0 0 0 0 0
1 2 2 2 1
11 11 7 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.196976662 0.141661806
0.070830903 0.063338408 0.125686669 0 0.141661775 0.065649882
0.136590329 0 0 0 0.057603566 0 0 0 0
1 2 2 2 1
12 12 6 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.055095923 0.065223243
0.060002613 0.124661798 0.184773092 0.119549849 065023243
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1974

1974

1975

1975

1975

1975

1975

1975

1975

1975

1975

0.130446456

0 0
1
13
0 0
0 0
0 0
0 0
1
14
0 0
0 0
0 0
0 0
1
3
0 0
0 0
0 0
0 0
1
8
0.336858221
0 0
0 0
0 0
1
9
0.181803473
0 0
0 0
0 0
1
10
0.350287528
0 0
0 0
0 0
1
11
0.238034811
0.01463368
0 0
0 0
0
1
12
0.148681163
0.044607357
0 0
0 0
0 0
1
13
0.094973965
0.053114922
0.008262947
0 0
0 0
1
14
0.169495813
0.073186997
0.006042611
0 0
0 0
1
15
0.023245229

0.257519099

0.135476548

2

13

0 0
0 0
0.200116921
0 0
2

14

0 0
0 0
0 0
2

3

0 0
0 0
0 0
2

8
0.336858221
0 0
0 0
0 0
2

9

0 0
0 0
0 0
0 0
2

10
0.21786596
0 0
0 0
0 0
2

11

0.339460334
0.006754762

0 0
0 0
2
12

0.340879013
0.007684713
0
0

P oOOO

3
0.257963299
0.027157799

0 0
0 0
0 0
2
14

0.220246791
0.019721534

0 0
0 0
0 0
2
15

0.070284203
0.076107375

0.059547236

2
3
0 0
0 0
0.200116921
0 0
2
1
0 0
0 0
0 0
1
1
0 0
0 0
0 0
1
2
0 0
0 0
0 0
0 0
1
3
0 0
0 0
0 0
0
1
8
0.067634448
0 0
0 0
0 0
1
11
0.175504223
0 0
0 0
0 0
1
11

0.214075426
0.012049747

0 0
0 0
1
11

0.239528648
0.006889811

0 0
0 0
0 0
1
11

0.177265355
0.031055827

0 0
0 0
0
1
10

0.130255956
0.061696718

coo%pn OCO0OO0OO0ONMNO O0Oo0oOoON

SN

onpOoOOO O

o o

o

0 0 0 0 0
1
0 0 0 0
0 0 0 0
0 0 0.184099066
0.215550171 0.202116
1
0 0 0 0
0 0 0 0
0 1 0 0
0 0 0 0
1
0 1 0 0
0 0 0 0
0 0 0 0
0 0 0 0
1
0 0.326283559
0 0 0 0 0
0 0 0 0
0 0 0 0
1
0 0.818196527
0 0 0 0
0 0 0 0
0 0 0 0
1
0 0 0.294110391
0.032466681 0 .037634992
0 0 0 0
0 0 0 0
0
1
0 0.097498015
0.081054484 047059691
0 0 0 0 0
0 0 0 0
0 0 0 0
1
0 0.032154661
0.138768952 057846015
0.003552952 0 O 0
0 0 0 0
0 0 0 0
1
0 0.004272325
0.206900915 090869668
0.006920793 003844907
0 0 0 0
0 0 0 0
1
0 0 0.071407084
0.094589158 118861001
0.012085219 006042611
0 0 0 0
0 0 0 0
1
0 0.022182325
0.159710978 105022946
0.021917756 030050835
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1975

1975

1975

1975

1975

1975

1975

1975

1975

1975

1975

0.009617506 0 0.012154067 0.019235006 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
1 2 1 2 1
16 16 9 0 0 0 0.042346906
0.066791609 0.061938478 0.130705174 0.088280964 176653908
0.109850302 0.06001883 0.124990598 0 0.064982496  .036020372
0.036720362 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
1 2 1 2 1
17 17 9 0 0 0 0.06740077
0 0.212615573 0.073860019 0.072158673 0.264616861 0.187447334
0.063717023 0 0 0.058183747 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 2 1 2 1
18 18 5 0 0 0 0.139083025
0 0.152411832 0 0 0.120063488 0 0.152411832
0.148901064 0.287128759 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 2 2 2 1
3 3 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 2 2 1
4 4 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.548562378 0
0.451437622 0 0 0 0 0 0 0 0 0
0 0 0 0
1 2 2 2 1
8 8 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.229958413 0.251827463
0 0.518214124 0 0 0 0 0 0 0 0
0 0 0 0 0
1 2 2 2 1
9 9 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.052039872 0.224304596
0.052039872 0.161068581 0.339580483 0.11397773 56088865 0
0 0 0 0 0 0 0 0 0
1 2 2 2 1
10 10 5 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.200976659 0.291470713
0.053221109 0.047963342 0.160201139 0.097019247 047963342 0
0.047963342 0 0.053221109 0 0 0 0 0 0
1 2 2 2 1
11 11 10 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.124369665 0.108462432
0.199269717 0.077081674 0.079902749 0.103326381 151038145
0.101651314 0.027398961 0 0.027398961 0 0 0 0
0 0
1 2 2 2 1
12 12 9 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.119220303 0.183988641
0.311841667 0 0.131821358 0.186763575 0 0.06635445 O
0 0 0 0 0 0 0 0
1 2 2 2 1
13 13 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
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1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

0.47995831 0 0
0 0 0 0

1 2

7 7

0 0 0 0

0 0 0 0

0 0 0 0

0 0

1 2

8 8
0.500000002 0 0
0 0 0 0

0 0 0 0

0 0 0 0

1 2

9 9
0.441334994 0.174824138
0 0 0 0

0 0 0 0

0 0 0 0

1 2

10 10
0.368849622 0.291366163
0 0 0 0

0 0 0 0

0 0 0 0

1 2

11 11
0.475121502 0.305952522
0.002045306 0 0
0 0 0 0

0 0 0 0

1 2

12 12
0.198200431 0.425403464
0.010124101 0.004362625
0 0 0 0
0 0 0 0
0 0

1 2

13 13
0.240565823 0.277954807
0.018130846 0.019903323
0 0 0 0
0 0 0 0
0 0 0

1 2

14 14
0.054373604 0.244709219
0.06401787 0.034844662
0.001435002 0 0
0 0 0 0
0 0 0 0

1 2

15 15
0.091227509 0.107329963
0.059707554 0.031588598
0.006807448 0.008859675
0 0 0 0
0 0 0 0

1 2

16 16
0.043465676 0.069407703
0.193330184 0.092185011
0 0 0 0
0 0 0 0
0 0

1 2

17 17
0 0.027631217

0.310033112

0 0
0
1
1
0 0
0 0
0 0
1
1
0 0
0 0
0 0
0
1
8
0 0
0 0
0 0
0 0
1
13
0.046594609
0 0
0 0
0 0
1
19
0.076073184
0
0
0

=
@HOOO

0.199230433
0.001067805
0 0
0 0

18
0.227607595
0.001956112

0 0

0 0

18
0.273024346
0.029778841

0

0

=
\‘,_\ooo

0.21185907
0.019390892
0.006807448
0
0

N eNe)

8
0.064790957
0.043465676

0 0
0 0
1
14

0.044331595

0 0
2
0 1
0 0
0 0
0 0
2
0 0
0 0
0 0
0 0
2
0 0
0 0
0 0
0 0
2
0 0
0.011390453
0 0
0 0
0 0
2
0 0
0.062400637
0 0
0 0
0 0
2
0 0
0.103234034
0 0
0 0
0 0
2
0 0
0.122863268
0.001915085
0 0
0 0
2
0 0

0.205326876
0.004760047

0 0
0 0
2

0 0

0.189382881
0.027092993

0 0
0 0
2
0 0

0.209944858
0.007108812

0 0
0 0
2

0 0

0 0.52004169
1
0 0 0
0 0 0
0 0 0
0 0 0
1
0.499999998
0 0 0
0 0 0
0 0 0
1
0.383840867
0 0 0
0 0 0
0 0 0
1
0.281799154
0 O 0
0 0 0
0 0 0
1
0.061424594
016082255
0 0 0
0 0 0
0 0 0
1
0.020221378
038055729
0 0
0 0 0
0 0 0
1
0 0.044255171
041603657
003044312 0
0 0 0
0 0 0
1
0 0.000607485
085687045
01835002
0 0 0
0 0 0
1
0 0
4193B4 0.085092673
013614895
0 0
0 0 0
1
0 0 0
25080979
025091332 0
0 0 0
0 0 0
1
0 0 0

0.069982486 0.043788924
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1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

1977

0.260599418

0.100987116

0.137881243

0.004764889

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

18 18 4 0 0 0 0 0
0 0 0 0 0.034905685 0.758517475 0.142257188 0
0 0 0 0.064319651 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

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

1 2 2 2 1
7 7 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.449731769 0 0.550268231
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 2 2 1
8 8 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.378064735 0.378064735
0.243870531 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 2 2 1
9 9 7 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.139118626 0.149258794
0.194858841 0.443366598 0.021379516 0.052017626 0 O 0
0 0 0 0 0 0 0 0 0

1 2 2 2 1

10 10 12 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.011515923 0.076082491
0.028180561 0.157563835 0.098662285 0.241148231 210054638
0.033143231 0.127407461 0 0 0 0.016041343 0 0
0 0 0

1 2 2 2 1

11 11 16 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0.00742704 0.028140361
0.166587967 0.368885195 0.151668705 0.133125234 120P17613
0.003766497 0 0 0 0.020181387 0 0 0 0
0

1 2 2 2 1

12 12 9 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.000946578 0.046386168
0.081385729 0.019969638 0.151123468 0.166761049 107802259 0
0.116779282 0.224992015 0.082332306 0 0.001521507 O 0

0 0 0

1 2 2 2 1

13 13 5 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0.11517511
0.057587555 0.143438846 0.030588871 0 0 0 0 0
0 0.653209618 0 0 0 0 0

1 2 2 2 1

14 14 3 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0.108360902
0.635668992 0 0 0.255970106 0 0 0 0 0
0 0 0 0 0 0

1 2 2 2 1

15 15 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0
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1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1978

1 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

9 9 10 0 0 0.21445165
0.555375657 0.156747925 0.029431661 0.016882992 027010116 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 2 1 2 1

10 10 18 0 0 0.204466394
0.331953116 0.316779717 0.108921415 0.01429399 1365¥599
0.009927768 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

11 11 21 0 0 0.047729322
0.227508949 0.446340885 0.211808348 0.057303922 004010942
0.002703698 0.001396642 0.000455848 0.000741445 0 O 0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

12 12 21 0 0 0.007056858
0.102878381 0.426806845 0.311230479 0.099338416 033833506
0.00908028 0.004553381 0.001435386 0.003786469 0 0 O

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

13 13 21 0 0 0 0.038107879
0.178486707 0.296669735 0.262742084 0.112487504 059040987
0.021884059 0.020887772 0.002244131 0.00694131 00007831 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

14 14 21 0 0 0 0.003174512
0.027855188 0.170505699 0.229762585 0.354150671 114085665
0.060013117 0.017034909 0.002810964 0.006497884 004075552 0
0 0.009933254 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1

15 15 21 0 0 0 0
0.025947419 0.118320064 0.178742647 0.384771677 199051734
0.047961885 0.007363186 0.024397668 0.002141161 011802559 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

16 16 19 0 0 0 0 0
0.009483611 0.254130795 0.174094145 0.249022566 2068206 0.022073399
0.032346864 0.016034063 0.001490609 0.033512739 001890609 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

17 17 9 0 0 0 0 0
0 0.173484027 0.096406819 0.011757928 0.282417906 0.144767256
0.291166064 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

18 18 4 0 0 0 0 0
0 0 0 0.487659304 0.046813991 0.027323189 0.43823
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 2 2 1
8 8 1 0 0 0 0 0
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1978

1978

1978

1978

1979

1979

1979

1979

1979

1979

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 2 2 1
9 9 11 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.008379867 0.101031099
0.033360601 0.3394661 0.175214426 0.125593013 4PaHB51 0.144312177
0.008379867 0 0 0 0 0 0 0 0 0
1 2 2 2 1
10 10 12 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.006594232 0 0.073415088
0.124539044 0.118954264 0.135635021 0.126938517 199078897
0.063693396 0.123145745 0.027105796 0 0 0 0 0
0 0
1 2 2 2 1
11 11 10 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.077183648 0.140549449
0.075924665 0.124393558 0.325235316 0.04682469 2807D258
0.038345576 0.022462277 0.020901563 0 0 0 0 0
0 0
1 2 2 2 1
12 12 6 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.050017705 0
0.177411966 0.088139293 0.177411966 0.177411966 064055175
0.177411966 0 0.088139965 0 0 0 0 0 0
1 2 2 2 1
13 13 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0.5
0 0.5 0 0 0 0 0 0 0 0 0
0 0
1 2 1 2 1
9 9 2 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 1 1
10 10 10 0 0.066418384
0.52932358 0.392436402 0.011821634 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1 2 1
11 11 11 0 0 0.019433387
0.259053956 0.412307076 0.284137328 0.008843873 00702887
0.001966639 0.00712887 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0
1 2 1 2 1
12 12 11 0 0 0 0.072749544
0.385325324 0.378533689 0.138334717 0.015743037 003019356 0
0 0.005594333 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 2 1 2 1
13 13 11 0 0 0 0.007536948
0.103929884 0.418459677 0.34485234 0.094940656 24P3B242
0.004311436 0.000215 0 0.001500816 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
1 2 1 2 1
14 14 11 0 0 0 0
0.015035588 0.213838632 0.410619368 0.137074404 197857114
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1979

1979

1979

1979

1979

1979

1979

1979

1979

1980

1980

0.025068411 0.000506482 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
1 2 1 2 1
15 15 11 0 0 0 0
0.036948258 0.045455874 0.112857258 0.130624563 329887156
0.149583314 0.138711373 0.055932204 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0
1 2 1 2 1
16 16 10 0 0 0 0 0
0.04518582 0.150546458 0.248886369 0.211002928 95812721
0.037436566 0.011639138 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 2 1 2 1
17 17 4 0 0 0 0 0
0 0.246557353 0 0.519195118 0 0 0.015657103
0.218590426 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1 2 1
18 18 5 0 0 0 0 0
0 0 0 0 0.03772841 0.03772841 0.638602191 0
0.28594099 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0
1 2 2 2 1
9 9 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.199012902 0.212373619 0
0.199012902 0 0.199012902 0.190587675 0 0 0 0
0 0 0 0 0 0 0
1 2 2 2 1
10 10 6 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.408547257 0.244650008
0.021535143 0.022980904 0.049805471 0.121343737 009093743 0
0.121343737 0 0 0 0 0 0 0 0
1 2 2 2 1
11 11 9 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.391489541
0.031832951 0.008702976 0.24085905 0.147289506 456417387
0.034178589 0 0 0 0 0 0 0 0 0
1 2 2 2 1
12 12 6 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0.029752305 0
0.167644849 0.029752305 0.167644849 0.37923028 25625693
0.167644849 0.03280387 0 0 0 0 0 0 0
0
1 2 2 2 1
13 13 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0
0 0
1 2 1 2 1
8 8 1 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 1 2 1
9 9 6 0 0 0.060534285
0.240357909 0.699107806 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
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1980

1980

1980

1980

1980

1980

1980

1980

1980

1980

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1

10 10 24 0 0 0.151294371
0.430823157 0.352339377 0.044870623 0.02012605 0064B421 0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 2 1 2 1

11 11 26 0 0 0.057024608
0.270169977 0.408067217 0.207159931 0.038445451 0090726 0.006938205
0.002575321 0.000546692 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

12 12 27 0 0 0.022517186
0.129793628 0.338482387 0.292755662 0.155549512 030086622
0.023953648 0.006161356 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

13 13 27 0 0 0.010970908
0.102496444 0.233309795 0.265387401 0.213051786 088053339
0.036493794 0.028241006 0.00657023 0.013229767 01895531 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1

14 14 27 0 0 0 0.044901661
0.141421783 0.185389487 0.187410217 0.162511306 17506416
0.056347682 0.01791471 0.015844997 0.011094318 02099679 0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

15 15 25 0 0 0 0
0.027271327 0.113762949 0.19435913 0.189975548 68072754
0.164278645 0.072835936 0.023937402 0.007939585 013807868 0.0083322
0.010094769 0.003256133 0 0.001875755 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1

16 16 18 0 0 0 0
0.052277314 0.054408262 0.052233149 0.211963988 193645461
0.19766333 0.061854816 0.072685656 0.030992371 1104473
0.016421944 0.01147473 0.019014556 0.010684578 03805114 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 2 1 2 1

17 17 15 0 0 0 0 0
0 0.057286957 0.011847387 0.158315119 0.297880514 0.08230816
0.209646306 0.103451461 0.013846323 0.013846323 011939403 0
0.025785725 0 0.013846323 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

18 18 9 0 0 0 0 0
0 0 0.097356002 0.106864112 0.471015563 0.185@2475
0.039534342 0.055243559 0 0.016617256 0.011727154 O 0
0.016617256 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0

1 2 2 2 1
9 9 4 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.13380104 0.433696551
0.110271704 0.110271704 0.101687297 0.110271704 0 O 0
0 0 0 0 0 0 0 0 0
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1980

1980

1980

1980

1980

1980

1981

1981

1981

1981

1981

1
10
0 0
0 0

0.149675254
0.140888554

0 0
1
11
0 0
0 0
0.00871567
0.210506859
0 0
1
12
0 0
0 0
0.003322613
0.016975863
0 0
1
14
0 0
0 0
0 0
0 0
1
17
0 0
0 0
1 0
0 0
1
18
0 0
0 0
0 0
0 0
1
9
0.339654025
0 0
0 0
0 0
1
10
0.186855042
0.000321143
0 0
0 0
1
11
0.099105676
0.011497362
0 0
0 0
0 0
1
12
0.048928394
0.036048299
0 0
0 0
0 0
1
13
0.088069976
0.020746742
0 0

10
0 0
0 0

0.165109193
0.005368905

0 0
2
11
0 0
0 0

0.216933095
0.001789906

0 0
2
12
0 0
0 0

0.181640109
0.147100086

0

2

14

0 0

0 0

0 1
2

17

0 0

0 0

0 0
2

18

0 0

0 0

0 0
2

9
0.449084737

0 0

0 0

0 0
2

10
0.279384928
0 0

0 0

0 0
2

11

0.323427104
0.000247257
0
0

PO OO

2
0.191399032
0.022851202
0

0

PO 0o

3
0.270024506
0.01998853

0 0

2
13
0 0
0 0

0.160767944
0.005368905

2

12

0 0

0 0
0.07547075
0.046643458

0

2

13

0 0

0 0

0.313709107
0.015101301

2

1

0 0

0 0

0 0
2

1

0 0

0 0

0 0
2

1

0 0

0 0

1 0
1

18
0.122852812

0 0

0 0

0 0
1

35
0.279144455
0 0

0 0

0 0
1

39

0.307540479
0.000998819

0 0
0 0
1
39

0.328517563
0.002852494
0 0
0 0

39
0.276260093
0.006051604

0 0

2 1
0 0 0 0 0
0 0 0 0 0
0.038666365 0.016164808
0.215507456 09701371
0 0.005368905 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0.00871567 0.016752845
0.087848191 2818751
0.034278568 039829238 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0.014830886 0
0.166095657 126023076
0.015101301 0 O 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.059682601
0.028725825 0 O 0
0 0 0 0 0
0 0 0 0 0
0 0
2 1
0 0 0.083882137
0.146404462 024007833 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0
2 1
0 0 0.018338041
0.178648705 059000397
0 0 0.00049616 O
0 0 0 0 0
0 0 0 0 0
2 1
0 0 0.019851569
0.236675882 112691261
0 0.000184305 0 0
0 0 0 0 0
0 0 0 0 0
2 1
0 0 8.08E-05 0.048699803
0.18172449 87688712
0 0 0.000684732 0
0 0 0 0 0
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1981

1981

1981

1981

1981

1981

1981

1981

1981

1982

1982

0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

14 14 39 0 0 0.001533787
0.001339351 0.102220929 0.138696248 0.300930424 20186702
0.100518115 0.072542513 0.07376551 0.005328504 0088D458 0
0 0.00037714 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 2 1 2 1

15 15 36 0 0 0 0.001305766
0.084074483 0.165818581 0.198885539 0.128019636 083039986
0.105449027 0.10696933 0.058739869 0.027540485 38030834 0
0.000703232 0.000703232 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 2 1 2 1

16 16 24 0 0 0 0
0.008092672 0 0.088358205 0.108864834 0.235898841 0.192608199
0.087145831 0.07312541 0 0.017118223 0.094393892 0 O
0 0.094393892 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

17 17 14 0 0 0 0 0
0 0.09213045 0.189674002 0.139739964 0.156286138  .352845802
0.055548628 0.003804356 0.005057557 0 0 0.00541310 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

18 18 10 0 0 0 0 0
0 0 0 0.282132256 0.228595379 0.047545235 0.0 1
0.398073455 0 0.008793979 0 0 0 0 0.031308069
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 2 2 2 1
9 9 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0.428571433
0 0.142857142 0 0.285714283 0.142857142 0 0 0
0 0 0 0 0 0

1 2 2 2 1

10 10 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.15997995 0
0.469703396 0.124923831 0.035056117 0.070112234 140024472 0
0 0 0 0 0 0 0 0

1 2 2 2 1

11 11 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.104598756 0 0.104598756
0.104598756 0.145401245 0.104598756 0.040802487 29080249 0
0 0 0.104598756 0 0 0 0 0 0

1 2 2 2 1

12 12 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1
8 8 4 0 0 0.315905359
0.368189283 0.315905359 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1
9 9 22 0 0 0.138016151
0.463568392 0.24870624 0.112028242 0.008219754 2383542
0.006125801 0 0 0 0 0 0 0 0 0
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1982

1982

1982

1982

1982

1982

1982

1982

1982

1983

1983

0 0
0 0

1

10
0.339886571
0.005296359
0 0
0 0

1

11
0.124960044
0.020334747
0 0
0 0
0

1

12
0.178103397
0.019530137
0 0
0 0
0

1

13
0.074662984
0.051178962
0.000832912
0 0
0 0

1

14
0.026837714
0.074253409
0.004156431
0 0

0 0

1

15
0.009042222
0.10385949
0.010405965
0 0
0 0

1

16
0.045199281
0.229557204
0.011422258
0 0
0 0

1

17

0 0
0.15447387
0 0
0 0

1

18
0.121655929
0 0
0 0
0 0

1

7

0 0
0 0
0 0
0 0

1

8

0 0

0 0

2

10
0.173055462
0 0

0 0

0 0

2

11

0.276523913
0.002650904

0 0
0 0
2
12

0.225719351
0.001392927

0 0
0 0
2
13

0.218125154
0.018210029

0 0
0 0
0 0
2
14

0.108139636
0.069924012
0.001631311
0
0

R =X=)

5
0.032189896
0.064287226
0.000636709
0

0

==

6
0.126857855
0.136807093

0 0

0 0

1

36
0.109856447
0 0

0 0

0 0

1

38
0.261427199
0.00125320

0 0

0 0

1

38

0.218878187
0.007509189

0 0
0 0
1
38

0.188902667
0.036058625

0 0

0 0

2

0 0
0.042968244

0 0

0 0

0 0

2

0 0
0.143263608
0 0

0 0

0 0

2

0 0
0.230068501
0 0

0 0

0 0

2

0 0

0.256175036
0.003954307

0 0 0 0

0 0 0 0

0

1 2

36 0 0
0.150740714 0.359070031
0.012009446 0.02821432
0 0.005787742 0

0 0 0 0

0 0 0

1 2

33 0 0
0.142727976 0.310870609
0.082042985 0.052854922
0.006643602 0 0

0 0 0 0

0 0

1 2

22 0 0

0.115196118
0.051314523

0.123207145
0.016920264

0 0.015199008 0 0 0
0 0 0 0 0 0
0 0
2 1 2
17 12 0 0
0.113962162 0.006754023 0.337703487
0.212175755 0.006754023 0.11747053
0 0 0 0 0 0
0 0 0 0 0 0
2 1 2
18 6 0 0
0 0 0 0 0.016390594
0 0.439613969 0.321908187 0
0 0 0 0 0 0
0 0 0 0 0 0
2 1 2
7 1 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 1 2
8 2 0 0

0 0 0

0 0 0
1
0.024646889 0.2948477
009842329
0 0 0
0 0 0
0 0
1
0.011979691
157606694
0 0 0
0 0 0
0 0 0
1
0 0.04058268
078015631
0 0 0
0 0 0
0 0 0
1
0 8.20E-05
150854557
000062762
0 0 0
0 0 0
1
0 0
157603922
01631311
0 0 0
0 0 0
1
0 0
129649733
3108¥1 0.023701563
0 0 0
0 0 0
1
0 0 0
117946113
01107314 0
0 0 0
0 0 0
1
0 0 0
0.05070615
0 0 0
0 0 0
0 0 0
1
0 0
0 0.100431322
0 0 0
0 0 0
1
0 0 1
0 0 0
0 0 0
0 0 0
1
0.627872516 0
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1983

1983

1983

1983

1983

1983

1983

1983

1983

1983

0.372127484 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 2 1
9 9 0 0 0.306313568
0.178513763 0.242888929 0.222511406 0.049772333 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

10 10 22 0 0 0.055638303
0.265904803 0.353182072 0.189948434 0.085951991 01667022
0.020115844 0 0.000869278 0.000869278 0.010849777 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

11 11 24 0 0 0.003573786
0.138373373 0.319414189 0.224626351 0.189401234 056087375
0.04788941 0.010933128 0 0.000475365 0 0.003092586 O
0.005933202 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1

12 12 24 0 0 0 0.039894524
0.206821607 0.235462621 0.237103045 0.127355B082D09 0.025180193
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

13 13 24 0 0 0 0.019291328
0.129446786 0.156275498 0.204194291 0.162654934 22281914
0.090895549 0.008759561 0.005662913 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

14 14 21 0 0 0 0
0.058423056 0.093567709 0.167670359 0.215024805 305689363
0.068420825 0.042983434 0.016956869 0.031359312 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

15 15 16 0 0 0 0.007964992
0.003165102 0.033139756 0.079421011 0.196055154 343049882
0.157510985 0.090617663 0.02407799 0.048488453 0 0 O
0 0.016409012 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

16 16 15 0 0 0 0 0
0.045262409 0.172524321 0.111120577 0.189000245 140890501
0.141738665 0.066345852 0.13351743 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

17 17 8 0 0 0 0 0
0 0 0.02035726 0.230091058 0.159747934 0.176186734
0.092785558 0.218388655 0 0 0.102442802 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

18 18 4 0 0 0 0 0
0 0 0 0 0 0.272269857 0.56503745 0.162692693
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0
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1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1 2 1 2 1
7 7 1 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1
8 8 2 0 0 0.27071057
0.635355285 0.093934146 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1
9 9 6 0 0 0.051112071
0.297664658 0.446053861 0.152948082 0.052221327 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

10 10 13 0 0 0 0.158255624
0.227506536 0.426904708 0.085047423 0.094552543 003867358
0.004165809 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

11 11 14 0 0 0.010708893
0.034522716 0.268671532 0.299246497 0.186719307 093003499
0.062559767 0.033234455 0 0.010433334 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

12 12 14 0 0.01622627 0
0.005955579 0.080642665 0.260004143 0.259924216 147991011
0.144264784 0.081318487 0.002186422 0.002186422 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

13 13 14 0 0 0 0.002642595
0.084010325 0.219269446 0.15486621 0.201263078 6568D459
0.129021579 0.041033236 0.00220407 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

14 14 13 0 0 0 0
0.004256228 0.200725052 0.214063796 0.245942128 165682787
0.097850269 0.021544189 0.039619151 0.010316399 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

15 15 10 0 0 0 0
0.012041007 0.026213944 0.175002739 0.29484631 10036063
0.035463042 0.33457588 0.011821014 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

16 16 9 0 0 0 0 0
0 0.022290597 0.167694175 0.232068288 0.457345309 0.10538308
0 0 0.015218551 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

17 17 2 0 0 0 0 0
0 0 0.704820493 0 0 0.295179507 0 0 0
0 0 0 0 0 0 0 0 0 0 0
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1984

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1

18 18 1 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1
8 8 5 0 0 0.202930661
0.380405529 0.381777067 0.034886743 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 2 1 2 1
9 9 12 0 0 0.138710359
0.122210782 0.237075904 0.192118587 0.268174735 03285570
0.009253935 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

10 10 21 0 0 0.114009999
0.170391198 0.327928799 0.20956646 0.111080604 54635682
0.006175944 0.003105656 0 0.003105656 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

11 11 22 0 0 0.033597441
0.08391163 0.264315002 0.20817857 0.195348136 40523831
0.048370877 0.021631296 0.009662589 0.000832128 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

12 12 22 0 0 0.000657255
0.021814501 0.209087494 0.192242548 0.30207935 4003B426
0.079124628 0.040792951 0.013319039 0.000643807 0 O 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

13 13 22 0 0 0 0.00408522
0.116069253 0.208296866 0.317797372 0.128063811 0718506 0.056138672
0.058158269 0.019535938 0.005112174 0 0.000768061 0.005112174
0 0 0 0.00931159 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

14 14 18 0 0 0 0
0.045584376 0.194934167 0.068718451 0.185674618 121076329
0.184658781 0.130218575 0.043193495 0 0.012970604 0.012970604
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

15 15 10 0 0 0 0
0.051466372 0.079757321 0.108739825 0.030970718 174005535
0.201365491 0.227188955 0 0 0.125805783 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

16 16 5 0 0 0 0 0
0 0.397524745 0.496972321 0 0 0.105502934 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 2 1 2 1

17 17 4 0 0 0 0 0
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1985

1986

1986

1986

1986

1986

1986

1986

1986

1986

1986

0 0.099714026 0 0.05736043 0 0 0.821356922 0
0 0.021568623 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1
18 18 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0.042888669
0 0 0.957111331 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1
9 9 3 0 0 0.595947729
0.040488869 0.121187801 0.121187801 0 0 0 0 0
0 0 0.121187801 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

10 10 5 0 0.076972966 0.307891865
0.303362639 0.18181944 0.095301534 0.03299823 0 0 0
0 0.001653327 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 2 1 2 1

11 11 6 0 0 0.143594565
0.422320683 0.294092078 0.084230705 0.041987229 011652177
0.001061282 0 0.001061282 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

12 12 6 0 0 0.067005539
0.321106612 0.1954831 0.075411802 0.216543023 8627561 0.024703862
0.004389529 0 0.016833972 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

13 13 6 0 0 0 0.105941662
0.270608407 0.299579187 0.121466341 0.17541363 05805599
0.005405599 0.016179575 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

14 14 3 0 0 0 0
0.081642416 0.301419711 0.384585602 0.150709856 06906744
0.012574976 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

15 15 2 0 0 0 0
0.951452786 0 0 0 0 0 0.048547214 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

0 0 0 0 0

1 2 2 2 1

8 8 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0.5 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0

0 0

1 2 2 2 1

9 9 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.158074946 0.420962527 0.420962527
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0

1 2 2 2 1

10 10 5 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.006215794 0 0 0
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1986

1986

1989

1989

1989

1989

1989

1989

1989

1989

1990

0.365460808

0.091489058

0.213309327

0.155960214

0 0.167564798

0 0 0 0 0 0 0 0 0

1 2 2 2 1

11 11 3 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0.156021473 0.116441565
0 0 0.571515488 0 0.156021473 0 0 0 0
0 0 0 0 0 0

1 2 2 2 1

12 12 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0

1 2 1

9 9 0 0.021880185
0.294278136 0.432384057 0.251457623 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0

1 2 1 2 1

10 10 21 0 0 0.02320648
0.188204322 0.320881936 0.300561775 0.087971622 064233909

0.01255769 0 0.002382266 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0

1 2 1 2 1

11 11 23 0 0 0.006119173
0.100635819 0.336900835 0.342854177 0.102973646 047010379
0.033001478 0.020988489 0.006137895 0.002678109 0 O 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0

1 2 1 2 1

12 12 24 0 0.000230948 0
0.034341253 0.285672307 0.35567289 0.140796092 67843154
0.058101052 0.023465172 0.01568077 0.01211001 1893811
0.000467554 0 0.004224987 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 2 1 2 1

13 13 24 0 0 0 0.007937187
0.215662599 0.217941575 0.232916544 0.113217756 093032669
0.051608244 0.018620773 0.024696101 0.006531859 013938013
0.004496679 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 2 1 2 1

14 14 19 0 0 0 0
0.099349829 0.143475183 0.06453429 0.193708939 3207D479
0.077183225 0.067730564 0.08164926 0.009023686 0 .030874544
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

15 15 15 0 0 0 0 0
0.144417319 0.232536346 0.085096552 0.113632732 094855698
0.192888078 0.085021546 0 0.052051729 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

16 16 6 0 0 0 0 0
0.14021478 0.311554531 0 0.012200316 0.03112497 233856793
0 0.090382045 0.180666565 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 2 1 2 1
8 8 3 0 0 0.617470843
0.261599412 0 0.120929745 0 0 0 0 0 0
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1990

1990

1990

1990

1990

1990

1990

1990

1990

1990

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1

9 9 7 0 0 0.151708455
0.374835791 0.325548349 0.0654865 0.016934403 0 0 0.06548650
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 2 1 2 1

10 10 24 0 0 0.234149162
0.179064167 0.293136977 0.234488621 0.041662185 008661743
0.005927643 0.002909502 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

11 11 29 0 0 0.058050886
0.239402452 0.455465138 0.177434924 0.047166296 01602357
0.002947319 0.000614724 0.00150102 0.000578948 0 0
0.000614724 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 2 1 2 1

12 12 29 0 0 0.022495316
0.108408443 0.423163402 0.345197186 0.05510741 16834764
0.013579525 0.010744208 0.000478689 0.003991057 0 O 0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

13 13 29 0 0 0.000786172
0.011195727 0.252816808 0.346931483 0.306056809 0508575 0.008759502
0.01979925 0.002235377 0.000978976 0 0 8.24E-05 0 O

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

14 14 26 0 0 0 0
0.087561983 0.220820566 0.258447593 0.205071188 115832087
0.065610025 0.02968049 0.002507827 0 0.010714507 0 O
0.004253734 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

15 15 18 0 0 0 0.048996051
0 0.193589119 0.032225321 0.1501047 0.33920475 63032134
0.076468357 0.038192698 0.048941168 0 0 0.008%570 0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

16 16 6 0 0 0 0
0.254018658 0.002952776 0.002371224 0.30671705 58608944 0.005324
0.118946468 0.251065881 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

17 17 4 0 0 0 0 0
0.552275379 0 0 0.006572588 0.18941737 0.013145176 O

0 0 0.238589486 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 2 1 2 1

18 18 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
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1990

1990

1990

1990

1990

1990

1990

1990

1991

1991

1991

1991

1
4
0 0
0 0
0 0
0 0
1
8
0 0
0 0
0 0
0 0
1
9
0 0
0 0
0.698105524
0 0
1
10
0 0
0 0
0.289296855
0 0
1
11
0 0
0 0
0.129004086
0.004926119
0 0
1
12
0 0
0 0
0.004359155
0 0
1
13
0 0
0 0
0 0
0 0
1
14
0 0
0 0
0 0
0 0
1
7
0 0
0 0
0 0
0 0
1
8
0.038325862
0 0
0 0
0 0
1
9
0.556946668
0 0
0 0
0 0
1

10
0.298980044

2

4

0 0
0 0
0 0
2

8

0 0
0 0
0 0
2

9

0 0
0 0
0.083362688
0 0
2

10

0 0
0 0
0.051221211
0 0
2

11

0 0
0 0

0.230713192
0.104146905

0 0
2
12
0 0
0 0
0.079368572
0 0
2
13
0 0
0 0
0 0
2
14
0 0
0 0
0 0
2
7
0 0
0 0
0 0
2
8
0 0
0 0
0 0
0 0
2
9
0 0
0 0
0 0
0 0
2
10

0.167327978

2 2 1
1 0 0 0 0 0
0 0 0 0 0 0 0
1 0 0 0 0 0 0
0 0 0 0 0 0 0
2 2 1
1 0 0 0 0 0
0 0 0 0 0 0 0
0 0 1 0 0 0 0
0 0 0 0 0 0 0
2 2 1
4 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0.131847871 0.041681344
0 0.003321229 0.041681344 0 0
0 0 0 0
2 2 1
11 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0.007728633 0.444232105
0.147687449 0.059833748 0 O 0
0 0 0 0
2 2 1
13 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0.005684038 0.112131522
0.027149957 0.104146905 16288428
0.104146905 0 0 0.01556609 O
2 2 1
3 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0.916272273
0 0 0 0 0 0 0
0
2 2 1
2 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 1
0 0 0 0 0 0 0
2 2 1
1 0 0 0 0 0
0 0 0 0 0 0 0
0 0 1 0 0 0 0
0 0 0 0 0 0 0
1 2 1
1 0 1 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
2 0 0.961674138 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0
1 2 1
5 0 0.205263009 0.237790323
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0
1 2 1
18 0 0.063617506 0.189417867

0.143347555

0.123260563

0 0.014048488
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1991

1991

1991

1991

1991

1991

1991

1991

1991

1991

0 0 0 0
0 0 0 0
0 0 0 0

1 2

11 11
0.239278254 0.274248833
0.008753829 0.002951963
0 0 0 0
0 0 0 0
0 0

1 2

12 12
0.095042297 0.212363533
0.015375957 0.003284514
0 0 0 0
0 0 0 0
0 0 0

1 2

13 13
0.031232476 0.148496748
0.053036447 0.017096326
0 0 0 0
0 0 0 0
0 0 0 0

1 2

14 14
0.008214621 0.279525688
0.019756732 0.001774544
0 0 0 0
0 0 0 0
0 0

1 2

15 15
0.061306798 0.096285245
0.101682761 0.083956039
0 0 0 0

0 0 0 0

0 0 0

1 2

16 16
0.216995268 0.138156798
0.010533249 0.226164785
0 0 0 0

0 0 0 0

0

1 2

17 17

0 0 0 0
0.039124427 0.112283386
0.344375283 0 0
0 0 0 0

1 2

18 18
0.425180586 0 0
0 0.409255138 0
0 0 0 0

0 0 0 0

1 2

9 9

0 0 0 0

0 0 0 0
0.428571429 0.428571429
0 0 0 0

1 2

10 10

0 0 0 0

0 0 0 0
0.114693517 0.14935033
0 0 0 0

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0
1 2 1
25 0 0 0.069356725
0.256987832 0.112583539 034860747
0 0 0 0.000978278 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
25 0 0 0.01655686
0.343736785 0.260812762 05109808
0.000297864 0.000531346 0 O 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
25 0 0 0.005304582
0.310522159 0.303935606 119031999
0.000596483 0.010641472 000005702 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
24 0 0 0 0.036231754
0.264907342 0.300411876 07100535
0.016960411 0.001111681 0 O 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
21 0 0 0 0
0.174291867 0.207823222 241681147
0.03032981 0.001699474 00043637 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
12 0 0 0 0 0
0.204428179 0.141403887 031063912
0.030472312 0 0.000681609 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
6 0 0 0 0 0
0.039124427 0.078248847 0.193421815
0 0.193421815 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
3 0 0 0 0 0
0 0.165564276 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0
2 2 1
1 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0.142857143 0 0
0 0 0 0 0 0 0
0 0
2 2 1
6 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0.223425809 0.128483548
0.125964173 0.258082622 0 0 O
0 0 0 0
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1991

1991

1993

1993

1993

1993

1993

1993

1993

1993

1993

1 2 2 2 1

11 11 5 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.294577769 0.032098911 0.253696631 0.022028288 0 0.198799201
0 0.198799201 0 0 0 0 0 0

1 2 2 2 1

12 12 4 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0.033496717
0.535784285 0.430718999 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1
8 8 2 0 0 0 0.368089882
0 0 0 0 0 0.631910118 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1
9 9 7 0 0 0.447417206
0.379138789 0 0.073451888 0.099992117 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

1 2 1 2 1

10 10 12 0 0 0.203365794
0.374180063 0.164918426 0.162459768 0.051021819 018809886
0.016709573 0.00893467 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

11 11 12 0 0.011500352 0.204117883
0.235789467 0.185957835 0.168361152 0.090406325 044017876
0.029727167 0.024334933 0.00538701 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0

1 2 1 2 1

12 12 12 0 0 0.036433238
0.092787497 0.231775624 0.219552329 0.158479913 074R12824
0.11276898 0.020118484 0.03487523 0 0 0 0.00155826
0.017437615 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0

1 2 1 2 1

13 13 12 0 0 0.005486315
0.192919219 0.177574014 0.176585258 0.113534769 102877404
0.142530401 0.080291562 0 0 0 0 0.008701058 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0

1 2 1 2 1

14 14 12 0 0 0 0.091272201
0.047907269 0.067577168 0.090867267 0.248243409 304609988
0.123527533 0.018986482 0.005584764 0.001523917 0 O 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0

1 2 1 2 1

15 15 8 0 0 0 0
0.087680744 0.093583006 0.023965917 0.333290037 180050726
0.078902638 0.016382829 0.183330368 0 0 0.002&1373 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0

1 2 1 2 1

16 16 5 0 0 0 0 0
0.12574665 0.023706057 0.295754896 0.252561198 22840581
0.100743733 0.079146886 0 0 0 0 0 0 0
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1993

1993

1993

1993

1994

1994

1994

1994

1994

1994

1994

0 0
0 0

1

17
0.114889963
0 0
0 0
0 0

1
9
0 0
0 0
0 1
0 0

1

10
0 0
0 0
0.5 0
0 0

1

11
0 0
0 0
0 0
0 0

1
8
0 0
0 0
0 0
0 0

1
9
0.323600845
0 0
0 0
0 0

1

10
0.248895351
0 0
0 0
0 0

1

11
0.339504989
0.015438047
0 0
0 0
0 0

1

12
0.280039031
0.027042086
0 0
0 0
0 0

1

13
0.07437368
0.141708724
0 0
0 0
0 0

1

14
0.169378801
0.064658162
0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

2 1 2 1

17 3 0 0 0 0 0
0 0.365377814 0.345645587 0 0.17408663 0O

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0

2 2 2 1

9 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 2 2 1

10 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0.5

0 0 0 0 0 0 0 0 0

2 2 2 1

11 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0

2 1 2 1

8 1 0 0 1 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1

9 0 0.583699529
0.083103387 0.009596239 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0

2 1 2 1

10 13 0 0.040036795 0.426905176
0.123153193 0.099553729 0.033054%0858536 0.003315219

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0

2 1 2 1

11 15 0 0.009467577 0.197347973
0.242820467 0.098990576 0.07389277 20838934
0.000152911 0 0 0.002025757 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

12 15 0 0 0.06470986
0.267877949 0.205700643 0.097648981 043646521
0.012910936 0.000423993 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

13 15 0 0 0.045559879
0.222618058 0.144123811 0.155320511 1667D222
0.088141896 0.011474219 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

14 14 0 0 0 0.010047136
0.169631887 0.267825126 0.162753839 124079814
0.019289363 0.006098555 0.001726247 003811069 0

0 0 0 0 0 0 0 0 0
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1994

1994

1994

1994

1994

1994

1994

1994

1995

1995

1995

0 0
0 0
1
15

0.150285336
0.254086835

B OO

5
0.126781774
0.003660871

0 0 0 0
0 0 0 0
0 0 0
1 2
16 16
0.132134407 0.017907258
0.079296292 0 0
0 0 0 0
0 0 0 0
1 2
17 17
0.024381716 0 0
0 0 0 0
0 0 0 0
0 0 0 0
1 2
18 18
0 0 0 0
0.04832887 0 0
0 0 0 0
0 0 0 0
1 2
9 9
0 0 0 0
0 0 0 0
0.582103143 0 0
0 0 0 0
1 2
10 10
0 0 0 0
0 0 0 0
0.13578358 0.176811616
0 0.06789179 0
1 2
11 11
0 0 0 0
0 0 0 0
0.247225789 0.28412961
0 0 0 0
1 2
12 12
0 0 0 0
0 0 0 0
1 0 0 0
0 0
1 2
8 8
0 0 0 0
0 0 0 0
0 0 0 0
0 0
1 2
9 9
0.492762114 0.334811354
0 0 0 0
0 0 0 0
0 0 0 0
1 2
10 10
0.267004635 0.408317581
0.008154055 0.011340483
0 0 0 0
0 0 0 0
0 0

0 0 0 0 0 0 0
1 2 1
10 0 0 0 0
0.228319391 0.077946848 11709351
0.026259495 0.00743297 0783297 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
5 0 0 0 0 0
0.136369945 0.290726992 079096292
0.264268814 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0
1 2 1
3 0 0 0 0
0 0 0.480114168 0.495504116 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0
1 2 1
2 0 0 0 0.95167113
0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0
2 2 1
2 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0.126845285 0.291051572
0 0 0 0 0 0 0
0
2 2 1
5 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0.06789179 0.212162272
0 0.13578358 0.13578358 6769179
0 0 0 0 0 0 0
2 2 1
4 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0.247394403 0.123697202
0 0.048776498 0.048776498 0 O
0 0 0 0
2 2 1
1 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
1 0 0 0 1 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 2 1
10 0 0 0.169682644
0 0.002743888 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0
1 2 1
16 0 0.001519406 0.058995076
0.158769343 0.055769312 029833903
0 0.000796207 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
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1995

1995

1995

1995

1995

1995

1995

1995

1995

1995

1995

1 2 1 2 1

11 11 18 0 0.006422233 0.047793314
0.189134757 0.3220468 0.241079733 0.08820666 03BRP2 0.02691071
0.019868659 0.001594887 0.005202424 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0

1 2 1 2 1

12 12 19 0 0 0.00853619
0.147942261 0.294339191 0.241779249 0.130906488 115079566
0.036394298 0.014298593 0.00877472 0 0.001682661  .000066785
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 1 2 1

13 13 19 0 0 0 0.093273261
0.223303088 0.24311899 0.177529035 0.148333274 470329 0.059910223
0.004204297 0.002394933 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

14 14 18 0 0 0.02123195
0.063606563 0.189392203 0.072977521 0.219150449 18489505
0.036848374 0.116776177 0.066270136 0.004801371 0 O
0.022013649 0 0 0.002036558 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 1 2 1

15 15 16 0 0 0 0
0.060931665 0.164790311 0.272091545 0.14017147 0607B973
0.133733271 0.068768646 0.047887983 0.003480571 002064564 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0

1 2 1 2 1

16 16 11 0 0 0 0 0
0.257646623 0.086162642 0.17660148 0.266501084 64235884
0.087780297 0.007102587 0.012744201 0 0 0 0
0.041225202 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0

1 2 1 2 1

17 17 10 0 0 0 0 0
0.025046398 0.514098114 0.184712967 0.162598991 031862963
0.072907914 0 0 0 0.002644414 0.00652824 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

18 18 4 0 0 0 0.391323523
0 0 0 0 0.014338844 0.09430335 0 0.014338844
0 0 0.079964505 0 0 0 0 0.405730933 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1 2 2 2 1

10 10 5 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.324272297 0 0.058378423
0 0.238195701 0 0 0.065859533 0 0.313294047 0
0 0 0 0 0 0 0

1 2 2 2 1

11 11 3 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0.472844128 0
0.527155872 0 0 0 0 0 0 0 0 0
0 0 0 0

1 2 2 2 1

12 12 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0.5 0 0.5 0
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1995

1996

1996

1996

1996

1996

1996

1996

1996

1996

1996

0 0
0 0
1
14
0 0
0 0
0 0
0 0
1
8
0 0
0 0
0 0
0 0
1
9
0.42270124
0.033400118
0 0
0 0
1
10
0.208873055
0.020815319
0 0
0 0
0 0
1
11
0.081232769
0.024237263
0 0
0 0
0 0
1
12
0.350845089
0.048284856
0 0
0 0
0 0
1
13
0.02630732
0.058943709
0.002418982
0 0
0 0
1
14
0.309650513
0.028235114
0 0
0 0
0
1
15
0.036923454
0.063492641
0 0
0 0
1
16
0 0
0 0
0 0
0 0
1
17
0 0

0 0 0 0 0 0 0 0 0
2 2 2 1

14 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0
2 1 2 1

8 1 0 1 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1
0.068627725 0.099715796

0.21343546 0.16211966 0 0 0 0 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0

2 1 2 1

10 11 0 0 0.089389811
0.362685837 0.227662208 0.046033665 025869285
0.012880515 0.006190305 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
2 1 2 1

11 11 0.00602359 9.34E-05 0.031644302
0.357742813 0.239458431 0.190796054 058098085
0.002458078 0.004419233 0.002895969 0 O 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0

2 1 2 1

12 11 0 0 0 0.040613668
0.231092665 0.121190123 0.123680939 051897396
0.013078398 0.018615472 0 0.001201394 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

13 11 0 0 0.008523966
0.193014648 0.347867373 0.189489091 91035721
0.033992909 0.033946242 0.011121057 002018982 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0

2 1 2 1

14 9 0 0 0 0
0.072376369 0.223264861 0.179095921 045R00373
0.010522422 0.131654427 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

15 6 0 0 0 0
0.063492641 0 0.126985283 0.19175397
0.003778774 0.513573237 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

16 1 0 0 0 0 0

0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

17 2 0 0 0 0 0

0 0.793290388 0 0 0.206709612 0
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1996

1996

1996

1996

1997

1997

1997

1997

1997

1997

1997

[eNeNe]

0
0
374631712
0

PLO0O000®©,.,000

o

0

0
151120258
0

o oo

0

0

0.157657726

0.157657726
1

ocopr O
Br

12
0 0
0 0
0.119737726
0 0

1
7
0 0
0 0
0 0
0 0

1
8
0.413132501
0 0
0 0
0 0

1
9
0.354895854
0.009474391
0 0
0 0

1

10
0.23686146
0.025862378
0 0
0 0
0 0

1

11
0.122902066
0.018725799
0 0
0 0
0 0

1

12
0.063818882
0.08466267
0.004830386
0 0
0 0

1

13
0.026360855
0.096626327

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0

2 2 2 1

9 4 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.165717157 0.139457641
0 0 0.154476332 0 0.165717157 0 0

0 0 0 0 0

2 2 2 1

10 5 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.33274929 0
0.24559837 0 0.230694189 0 0.039837892 0

0 0 0 0 0 0

2 2 2 1

11 4 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0.082877851 0
0.077256131 0.157657726 0 0 0.297B4780 O
0 0 0.069745039 0 0 0 0

2 2 2 1

12 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
0 0.880262274 0 0 0 0 0 0

0 0 0

2 1 2 1

7 1 0 0 0.5 0.5 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

8 4 0 0 0.511282391
0 0 0.075585108 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0

2 1 2 1

9 16 0 0.003430092 0.248399528
0.142664033 0.132222052 0.066927386 041086664
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 2 1

10 22 0 0 0.087951291
0.244655969 0.247434176 0.100597175 460865207
0.008661651 0.000754846 0 0.000754846 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0

2 1 2 1

11 22 0.000804106 0 0.043511752
0.201066368 0.350581341 0.169830158 065801429
0.012116458 0.004923531 0.010136991 0 O 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0

2 1 2 1

12 23 0.000111355 0 0.014790685
0.130311677 0.317336937 0.218888083 101819226
0.028999551 0.01317615 0.007231549 3R4BB67
0.011276181 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0

2 1 2 1

13 23 0.000428783 0 0.009945655
0.079001676 0.314878126 0.235839981 11501381
0.060717782 0.038097615 0.021837228 001052161 0
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1997

1997

1997

1997

1997

1997

1997

1997

1997

1997

1997

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
1 2 1 2 1
14 14 20 0 0 0 0
0.037301461 0.295796013 0.251361604 0.186555947 044093197
0.079395958 0.02025705 0.08523877 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0
1 2 1 2 1
15 15 7 0 0 0 0.205599735
0 0.006958232 0.181272191 0.15196083 0.256455719  .08780465
0 0.105309823 0 0 0 0.004638821 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 2 1 2 1
16 16 9 0 0 0 0 0
0.141366702 0.087991896 0.039996948 0.195772282 009849687
0.297705189 0.218067608 0.002387422 0.002387422 002887422
0.002387422 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
1 2 1 2 1
17 17 1 0 0 0 0 0
0 0.099999996 0 0.099999996 0.099999996 0.300@000
0.099999996 0.300000008 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 2 1 2 1
18 18 2 0 0 0 0 0
0 0 0 0 0 0.022652572 0.977347428 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0
1 2 2 2 1
7 7 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0.5 0.5 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0
1 2 2 2 1
8 8 2 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.278248454 0.278248454
0.443503092 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0
1 2 2 2 1
9 9 4 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.082768144 0.710351586
0.028717366 0 0.149445537 0 0.028717366 0 0 0
0 0 0 0 0 0 0 0
1 2 2 2 1
10 10 5 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0.017918407 0 0.043113394
0.212655281 0.020629813 0 0.017918407 0.262454138 0 0
0.212655281 0 0.212655281 0 0 0 0 0 0
1 2 2 2 1
11 11 3 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0.117044071
0.027657662 0 0 0.570198845 0 0.285099423 0 0
0 0 0 0 0 0
1 2 2 2 1
12 12 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
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1998

1998

1998

1998

1998

1998

1998

1998

1998

1998

1998

0 0 0 1
0 0

1 2
8 8
0 0 0 0
0 0 0 0
0 0 0 0
0 0

1 2
9 9
0.395947686 0.263965123
0 0 0 0
0 0 0 0
0 0 0 0

1 2

10 10
0.317818105 0.225828738
0 0 0 0
0 0 0 0
0 0 0 0

1 2

11 11
0.381299149 0.221759869
0.010567479 0 0
0 0 0 0
0 0 0 0

1 2

12 12
0.326945786 0.11769286
0.017053754 0 0
0 0 0 0
0 0 0 0

1 2

13 13
0.186925555 0.361233525
0.00238124 0.045478385
0 0 0 0

0 0 0 0

0

1 2

14 14
0.119340845 0.316386352
0.012398482 0 0
0 0 0 0

0 0 0 0

1 2

15 15

0 0.0559219 0.472781473
0 0 0 0

0 0 0 0

0 0 0 0

1 2

16 16

0 0 0.91745552

0 0 0 0

0 0 0 0

0 0 0 0

1 2

17 17
0.666666667 0 0
0 0 0 0

0 0 0 0

0 0 0 0

1 2

8 8

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0
1 2
1 0 0
0 0 0 0
0 0 0 0
0 0 0 0
1 2
5 0 0
0 0.006888925 0
0 0 0 0
0 0 0 0
0 0 0
1 2
6 0 0
0.020563391 0.185045048
0 0 0 0
0 0 0 0
0 0 0 0
1 2
6 0 0
0.132267731 0.120895879
0 0 0 0
0 0 0 0
0 0 0 0
1 2
6 0 0
0.155498058 0.131313275
0 0 0 0
0 0 0 0
0 0 0 0
1 2
6 0 0
0.175451806 0.066768698
0 0.045621359 0
0 0 0 0
0 0 0 0
1 2
5 0 0
0.23861331 0.086870041
0 0 0 0
0 0 0 0
0 0 0 0
1 2
4 0 0
0.088710983 0 0
0 0 0 0
0 0 0 0
0
1 2
2 0 0
0 0.08254448 0
0 0 0 0
0 0 0 0
1 2
1 0 0
0.333333333 0 0
0 0 0 0
0 0 0 0
0
2 2
1 0 0
0 0 0 0
0 0 0.666666667
0 0 0 0

1
1 0 0
0 0 0
0 0 0
0 0 0
1
0.333198266
0 0 0
0 0 0
0 0 0
1
0.203643221
047001497 0
0 0 0
0 0 0
0
1
0.051685653
08182424
0 0 0
0 0 0
0 0 0
1
0 0.248179774
03811493
0 0 0
0 0 0
0 0
1
0 0.062477568
053661865
0 0 0
0 0 0
0 0 0
1
0 0
26890971
0 0 0
0 0 0
0 0
1
0 0 0
0 0.382685
0 0 0
0 0 0
1
0 0 0
0 0 0
0 0 0
0 0 0
1
0 0
0 0 0
0 0 0
0 0 0
1
0 0 0
0 0 0
0.333333333 0
0 0 0
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1998

1998

1998

1998

2000

2000

2000

2000

2000

2000

2000

[(cNeoNeoNe]

1 2 2 2 1

9 9 3 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.256750611 0.255985883 0
0.244014116 0.24324939 0 0 0 0 0 0 0
0 0 0 0 0 0

1 2 2 2 1

10 10 3 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.251507803 0.37405347 0
0.122930925 0 0.128962135 0.122545667 0 0 0 0
0 0 0 0 0 0 0

1 2 2 1

11 11 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0.332984389
0.332984389 0 0 0 0 0 0 0 0.334031223
0 0 0 0 0 0

1 2 2 2 1

13 13 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0

0 0

1 2 1 2 1

9 9 1 0 0 0 0.333333333
0.666666667 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0

1 2 1 1

10 10 1 0 0 0.047619048
0.23809524 0.571428567 0.047619048 0.095238096 0 0 O
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

11 11 1 0 0 0 0.100000001
0.499999997 0.300000002 0.05 0.05 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

1 2 1 1

12 12 1 0 0 0 0.095238097
0.285714285 0.238095237 0.238095237 0.095238097 047619048 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

1 2 1 2 1

13 13 1 0 0 0 0 0.2
0.1 0.4 0.2 0.1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0

1 2 1 2 1

14 14 1 0 0 0 0.047619048
0 0.095238096 0.285714282 0.190476191 0.190476191 0.095238096
0.047619048 0 0 0.047619048 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

1 2 1 2 1

15 15 1 0 0 0 0
0.333333333 0 0 0 0 0 0.333333333 0.333333333
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0

# Total number of size-at-age observations
# Total number of environmental variables
# Total number of environmental observations

# End of file marker
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13. Appendix B: SS2 control file

# .ctl file for 2005 English sole assessment - ltase model

# Growth morphs

2 # Number of growth morphs

# Sex of each morph (1=female, 2=male)
1 # Morph 1

2 # Morph 2

# Areas and migration

1

# Number of areas

# Each fleet operates in only one area

ORRRR

# Area for fleet 1 south fishery
# Area for fleet 2 north fishery
# Area for fleet 3 south survey
# Area for fleet 4 north survey
# Do migration (0/1) 0 = no migration, 1 for rinalrea models

# Time blocks for time-varying parameters

2 # Number of time block designs for time varypagameters
4 # Blocks in design 1
4 # Blocks in design 2
# Block years design 1
1981 1985

1986 1990

1991 1995

1996 2004

# Block years design 2
1961 1970

1971 1980

1981 1990

1991 2004

# Mortality and growth specifications

4 # Last age for M young

10 # First age for M old

2 # Age for growth Lmin

20 # Age for growth Lmax

-50 # Mortality and growth parameter dev phase

# Mortality and growth parameters
# Lo Hi Init Prior Prior Prior Param Env Use DewwDBev Block block

# bnd bnd value mean type SD phase var dev minyym®&D design switch

# Morph 1: Females

0.00 0.8 0.260.26 O 50 -50

0 0 0 0 # M young
-5 5 0 0 0

0 0 0 0 0 0

exp offset to M young

5 25 16.16 10 0

0 0 0 0 0 0
25 55 38.97 35.0 0 50

0 0 0 0 0
0.01 1.5 0.280.12 0 50 1

0 0 2 0 # VBK

50

0 0
-50
0 # M old:
1
0 # Lmin
0
# Lmax
0 0
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0.01 0.9 011005 O
0 0 0
-5 5 0
0 0 0
old: exp offset to CV young
# Morph 2: Males
-5 5 0
0 0 0
young: exp offset to morph 1
-5 5 0
0 0 0
exp offset to young
-5 5 0
0 0 0
exp offset to morph 1
-5 5 -0.459 0
0 0 0
exp offset to morph 1
-5 5 027 O
0 0 0
exp offset to morph 1
-5 5 056 O
0 0 0
young: exp offset to morph 1
-5 5 0
0 0 0

old: exp offset to CV young

# Weight-Length relationship parameters (L in cminvig)
# Female Maturity-at-length Logistic function parters

# eggs per gram relationship

#Lo Hi Init
Dev Block
#bnd bnd value
SD design
# Morph 1: females
0 0.5
0 0
0 5
0 0
0 50
0 0
Maturity to start blocking
-1 1
0 0
0 1
0 0
intercept eggs/kg
0 1
0 0
eggs/kg
# Morph 2: Males
0 0.5
0 0

Prior

block
mean
switch

0.00000547424 0

-0.6104999 -0.50

0
3.154473
0
31
0
0
1
0
0
0

0.00000727969 0

0

Prior

Prior

0

25

0

1
0

0
0

Use

1
# CV young
0
0 0
0
0 0
0
0 0
0
0 0
50
0 0
50
0 0
50
0 0
0
0 0
Env
phase
50
0
50
0
0
0 2
50
0
0
0 0
0
0 0
50
0

var

50

50

50

50

50

Dev

dev

-50
0 #CV
-50
0 #M
-50
0 # M old:
-50
0 # Lmin:
1
0 # Lmax:
1
0 # VBK:
1
0 # CV
-50
0 # CV
Dev
mimyaxyr
0
# W-L scale
0
# W-L power
-50
0 #
0
# Maturity slope
-50
0 #
-50
0 # slope
0
# W-L scale
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0 5 3.0728 3 0 50
0 0 0 0 0 0
power

# Distribute recruitment among morphs

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

#bnd bnd value mean type SD phase var
SD design switch

# Area l

0 1 0.5 0.5 0 50
0 0 0 0 0 0

1

0 1 0.5 0.5 0 50
0 0 0 0 0 0

2

# Distribute recruitment among areas

0 1 1 1 0 50
0 0 0 0 0 0

0 # Custom environmental linkage setup for mdstalnd growth parameters
1 # Custom block setup for mortality and growthapaeters

#Lo Hi Init Prior P_type SD Phase
-10 10 -0.1 0 0 50 1 # MG block
-10 10 -0.1 0 0 50 1 # MG block
-10 10 -0.2 0 0 50 1 # MG block
-10 10 -0.3 0 0 50 1 # MG block
-10 10 -0.064110 0 50 -50 # maturity block
-10 10 -0.132610 0 50 -50 # maturity block
-10 10 -0.206150 0 50 -50 # maturity block
-10 10 -0.285530 0 50 -50 # maturity block
# Spawner-recruit parameters
1 # spawner recruit function: 1 = B-H, 2 = opticasome
#Lo Hi Init Prior  Prior  Prior Param
#bnd bnd value mean type SD phase
5 25 12.60 13 0 50
# Ln(RO)
0.2 1 080 0.6 0 50 2
Steepness w/ diffuse prior
0 2 0.51 0 0 50
# Sigma R
-5 5 0 0 0 50
# Environmental link coefficient
-5 5 0 0 0 50

# Initial equilibrium offset to virgin
0 # index of environmental variable to be used

# Recruitment residuals

1877 # Start year recruitment residuals
1998 # End year recruitment residuals
-10 # Lower bound

10 # Upper bound

1 # Phase

-50
0 # W-L
Dev
mimyaxyr
-50
0 # Morph
-50
0 # Morph
-50
0 # Area 1
1
#
-50
-50
-50
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# Initial F setup by fleet

#Lo Hi Init Prior P_type SD Phase

0 1 0 0.01 0 50 -50 # Fleet 1: south
fishery

0 1 0 0.01 0 50 -50 # Fleet 2: north
fishery

# Catchability (Q) setup (0/1)
# One parameter row for each positive entry in tetsbelow, by fleet
# Float Power Environ Dev Environ par Num/Bio(0/1)

0 0 0 0 0 1 # Fleet
1: south fishery

0 0 0 0 0 1 # Fleet
2: north fishery

1 0 0 0 0 1 # Survey
1: survey south

1 0 0 0 0 1 # Survey
2: survey north

# Catchability (Q) parameters

#Lo Hi Init Prior P_type SD Phase

-5 0 -1.96 -1 0 50 1 # Ln(Q)
Survey 1 south

-5 0 -0.84 -1 0 50 1 # Ln(Q)

Survey 2 north

# Selex and retention parameters
# Size based selectivity setup
# Selex_type Do_retention(0/1) Do_male Mirror z€kg

7 1 0 0
# Fleet 1. 7 = smooth double logistic (8 params)

5 1 0 1
# Fleet 2: mirror

7 0 0 0
# Fleet 3: 7 = smooth double logistic (8 params)

7 0 0 0

# Fleet 4: 7 = smooth double logistic (8 params)
# Age based selectivity setup
# Selex_type Do_retention(0/1) Do_male Mirror s€ké)

10 0 0 0
# Fleet 1. fishery south, 10 = flat (O params)

10 0 0 0
# Fleet 2: fishery north, 10 = flat (O params)

10 0 0 0
# Fleet 3: survey south, 10 = flat (O params)

10 0 0 0

# Fleet 4: survey north, 10 = flat (O params)

# Size based selectivity and retention parameters

#Lo Hi Init Prior  Prior  Prior Param Env Use Dev eb
Dev Block block
#bnd bnd value mean type SD phase var dev minyaxym

SD design switch
# Fleet 1 size based selectivity
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25 45 33 44 0 50 2
0

0 0 0 0 1 0 # Length
at peak
0.0001 0.6 0.0 0.1 0 50 -50
0 0 0 0 0 0 0 # Initial
selectivity
-10 100.45 0.7 0 50 2 0 0
0 0 0 0 0 # Inflection
0.001 10 0.10 0.2 0 50 -7 0
0 0 0 0 0 0 # Slope
-10 10 99 5 0 50 -2 0
0 0 0 0 0 0 # Final selectivity
-10 10 0.1 0.0 0 50 -2
0 0 0 0 0 0 0 #
Inflection 2
0.001 10 0.1 1 0 50 -3
0 0 0 0 0 0 0 # Slope
2
1 35 1 30 0 50 -50
0 0 0 0 0 0 0 # Width
of top
# Fleet 1 retention parameters
25 35 30.7474 27 0 50 2
0 0 0 0 0 0 0 #
Inflection
1 2 1.42386 1.0 0 50 -50
0 0 0 0 0 0 0 # Slope
0.8 1 1.0 1 0 50 -50
0 0 0 0 0 0 0 #
Asymptote
-10 10 0 0 0 50 -50
0 0 0 0 0 0 0 # Male
offset on inflection
# Fleet 2 as mirror
1 45 1 44 0 50 -50
0 0 0 0 0 0 0 # min
bin mirror
1 45 18 18 0.1 50 -50
0 0 0 0 0 0 0 # max
bin mirror
# Fleet 2 retention parameters
23 35 30.7 27 0 50 2
0 0 0 0 0 0 0 #
Inflection
0 4 1.42386 1.4 0 50 -50
0 0 0 0 0 0 0 # Slope
0.8 1 1.0 1 0 50 -50
0 0 0 0 0 0 0 #
Asymptote
-10 10 0 0 0 50 -50
0 0 0 0 0 0 0 # Male
offset on inflection
# Fleet 3 size based selectivity
20 46 40 40 0 50 2
0 0 0 0 0 0 0 # Length

at peak
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0.0 0.6 0.0 0.1 0 50 -50
0 0 0 0 0 0 0 # Initial
selectivity
-10 10-0.63 0.7 0 50 2 0 0
0 0 0 0 0 # Inflection
0.001 10 066 0.5 0 50 2 0
0 0 0 0 0 0 # Slope
-10 10 99 5 0 50 -50 0
0 0 0 0 0 0 # Final selectivity
-10 10 0.0 0.0 0 50 -50
0 0 0 0 0 0 0 #
Inflection 2
0.1 10 1 1 0 50 -50
0 0 0 0 0 0 0 # Slope
2
1 35 30 2 0 50 -50
0 0 0 0 0 0 0 # Width
of top
# Fleet 4 size based selectivity
20 46 40 40 0 50 2
0 0 0 0 0 0 0 # Length
at peak
0.0 0.6 0.0 0.1 0 50 -50
0 0 0 0 0 0 0 # Initial
selectivity
-10 10-0.27 0.7 0 50 2 0 0
0 0 0 0 0 # Inflection
0.001 10 056 0.2 0 50 2 0
0 0 0 0 0 0 # Slope
-10 100 99 5 0 50 -50 0
0 0 0 0 0 0 # Final selectivity
-5 5 0.0 0.0 0 50 -50
0 0 0 0 0 0 0 #
Inflection 2
0.1 10 1 1 0 50 -50
0 0 0 0 0 0 0 # Slope
2
1 35 30 3 0 50 -50
0 0 0 0 0 0 0 # Width
of top
# Custom environmental read setup
0 # 0 = Read one setup, apply to all, 1 = Custeax] one each
# Custom block read setup
1 # 0 = Read one setup, apply to all, 1 = Custeax] one each
#Lo Hi Init Prior P_type SD Phase
-5 5 0 0 0 50 3 # block par 81-85
-5 5 0 0 0 50 3 # block par 86-90
-5 5 0 0 0 50 3 # block par 91-95
-5 5 0 0 0 50 3 # block par 96-04
-50 # Phase for selex parameter devs
1 # Max number of lambda phases: read this nuafbexlues for each component below
0 # SD offset (CPUE, discard, mean body weighttuigment devs): 0 = omit log(s) term, 1 =

include
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### Lambda values for all likelihood componentdlbgt ###
# CPUE data #

0

0

1 # Fleet 3: survey south

1 # Fleet 4. survey north

# Discard fraction/biomass data #
1 # Fleet 1: fishery south

1 # Fleet 2: fishery north

0

0

# Mean body weight data (one value for all fle¢ts)
1
# Length frequency data #

1 # Fleet 1: fishery south
1 # Fleet 2: fishery north
1 # Fleet 3: survey south
1 # Fleet 4. survey north

# Age frequency data #

1 # Fleet 1. fishery south

1 # Fleet 2: fishery north

0

1 # Fleet 4. survey north

# Size at age data #

0

0

0

0

# Initial F #

0

# Recruitment residuals #

1

# Parameter priors #

1

# Parameter time series devs #
1

999 # End of file marker
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