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Executive Summary
The Gulf of Alaska (GOA) northern and southern rock sole assessment hasdyeehto a 4year
assessment cycle per the stock assessment prioritization schedule. During years when a full assessment is
not completed a partial assessment will be done. This year marks a full assessment year. The last full
assessment was completed @12. The biomass, OFL and ABC values for northern and southern rock
sole are added into the shallevater flatfish complex values to estimate OFL and ABC for the complex.

Summary of Changes in Assessment Inputs

New data inputs:

1. 2017catch datavereupdatedo the final estimate from the catch accounting system, final catch
estimates for 2022020 were also added to the model, and 262tch was extrapolated to
includeexpectectatch in Octobebecember, 2021.

2019 and 202GOA trawl survey biomasstmates were added to the model.
2018-2021fishery lengthsvere added to the model.

2019 and 2021G0A trawl survey length composition data were added to the model.

2017 GOA trawl survey conditionadgeatlength(CAAL) data were added to tmerthern ro&
sole modelNorthern rock sole otoliths were not collected in 2019. 2017 and 2019 GOA trawl
survey conditionahgeatlength (CAAL) data were added to the southern rock sole model.

aprwn

Changes to the assessment model:

1. The 2017 accepted assessnmantlel was run assuming that fishery selectivity was asymptotic

2. Growth was poorly estimated in the 2017 assessment model, this was largely due to the
overestimation of the coefficient of variation of the distribution of length at the maximum age.
This was a estimated parameter that was fixed at a reasonable value determined through
sensitivity analysis.

3. The authors demonstrated that there were growth differences in the central and western Gulf of
Alaska for both northern and southern rock sole. The modglsplit into 2areas that accounted
for differences in growth between the western and central Gulf. A recruitment allocation
parameter was estimated to distribute the population between the two areas. Growth was
estimated in the model for each area. Catcinvey biomass, length composition data, and
conditional ageat-length data were split between areas and used in the rSosteéy catchability
was assumed to be 1 in each area and arehsexspecific survey selectivity was estimated.
Areaand sexspeific fishery selectivity was also estimated.

Summary of Results

During the September Plan Team meeting, the authors showed that there is evidemeéhdratand
southern rock solgrowthdiffersin the central and western Guif Alaska As suchseveral single area



and 2area growth morph models were evaluated as part of this assessment. Gimerethppropriate

accounting ofyrowth differences in the assessment model, and better estimation of growth for the central

Gulf, the area where thmajority of catch is takemmodel21.2 s t he recommended model
assessmerf northern rock soleather than model 17.The results were similar among the single area
modelsandthe 2-areg growth morph models for southern rock sole. Gitl@more appropriate

accounting of growth differences in the western and central Gulf of Alaska model 21.1 is the

recommended model for southern rock sole.

Thenorthern rock sole modetsstimatean increasing trend in total and spawning biomass and relatively
low fishing mortality rateen recent yearsThe 21 northern rock sol&SB estimates were abovesB

and the 2@1 fishing mortality estimates were belows# The southern rock sole modeistimats the

start of an increasing trend in total biomasslSSB,and fishing mortality ratelsave remained relatively
low. The 2@1 southern rock sole SSB estimates were aboygdhd the fishing mortality estimates

were below Ese

The keymanagementesults of the assessment, based entra ut h o r @nedelfmodelR1e for e d
northern rock sole and model 21.1 for southern rock,sate compared to tH2020 projectiorresults of
the accepted 20lupdate assessment in the talilelow. The results arpresentedeparatly for each
speciesandby area.



Northern Rock Sole

As estimated or
specified lasyear for:

As estimated or
recommended thigear for:

Quantity 2021 2022 2022 2023
M (natural mortality ratefemale, malg| 0.2, 0.253* 0.2, 0.253*| See area specific estimatg
Tier 3a 3a 3a 349
Projected total (aget( biomass (t) 94,612 94,614 98,387 100,914
Projected Female spawning biomd$s 47,694 46,330 35,474 39,687
Buoow 51,387 51,387
B 20,555 20,555
B 17,985 17,985 . .
’ ’ f timat
. 0.462 0.462 See area specific estimateg
maxFe. 0.382 0.382
Fec 0.382 0.382
OFL (1) 21,080 21,191 14,027 14,810
maxABC (t) 17,756 17,851 11,882 12,551
ABC (1) 17,756 17,851 11,882 12,551
As determinedastyear for:| As determinedhisyear for:
Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No nfa No
Approaching overfished n/a No n/a No

*Male natural mortality was estimatetEstimates represent the combined results from thespesfic

model21.2



Northern rock sole: Central Gulf

As estimated or
specified lasyear for:

As estimated or
recommended thigear for:

Quantity 2021 2022 2022 2023
M (natural mortality rate; female,
male) 0.2,0.232 0.2,0.232
Tier 3a 3a
Projected total (age 0+) biomass 35,089 36,945
Projected Femalgpawning
biomass (t) 11694 13,861
Broos This was not done in 21,622 21,622
Baow 20172020 8,649 8,649
Basu 7,568 7,568
ForL 0.187 0.187
maxFec 0.157 0.157
Fasc 0.157 0.157
OFL (1) 4,691 5,075
maxABC (t) 3,999 4,329
ABC () 3,999 4,329
As determinedastyear As determinedhis year
for: for:
Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

*Male natural mortality was estimated. Estimates from the preferred mo@db2horthern rock sole.




Northern rock sole: Western Gulf

As estimated or
specified lasyear for:

2021 2022

As estimated or
recommended thigear for:

2022 2023

Quantity
M (natural mortality ratefemale,
male 0.2,0.254 0.2,0.254
Tier 3a 3a
Projected total (age+) biomass (t) 63,298 63,974
Projected Female spawning biomas
(t) 23,780 25,821
Buoow ) . 28,656 28,656
B.. This was not done in 11,462 11,462
B.. 201#2020 10,030 10,030
For 0.270 0.270
maxFe. 0.225 0.225
Fec 0.225 0.225
OFL () 9,336 9,735
maxABC (t) 7,883 8,222
ABC (1) 7,883 8,222
As determinedastyear for: | As determinedhisyear for:
Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

*Male natural mortality was estimated. Estimates from the preferred mo@db2horthern rock sole.




SouthernRock Sole

As estimated or
specified lasyear for:

As estimated or
recommended thigear for:

Quantity 2020 2022 2022 2023
M (natural mortality ratefemale, malg| 0.2, 0.248* 0.2, 0.248* See area specific rates
Tier 3a 3a 3a 3a
Projected total (aget( biomass (t) 144,833 148,917 163,737 173,631
Projected Female spawning biomd$s 72,973 73,930 73,114 83,900

Bioo 93,518 93,518

B 37,407 37,407

B SElEs 32,7311 56 area specific estimat
For 0.326 0.326 P
maxFe 0.271 0.271
Frec 0.271 0.271
OFL () 27,204 27,943 30,288 32,514
maxABC (1) 22,990 23,614 25,555 27,441
ABC (1) 22,990 23,614 25,555 27,441

As determinedastyear for:| As determinedhisyear for:

Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

*Male natural mortality was estimatedEstimates represent the combined rssiubm the areapecific

modelpresented below.



As estimated or As estimated or

Southern rock soleCentral Gulf specified lasyear for: recommigﬂed thigear
Quantity 2021 202 2022 2023
M (natural mortality ratefemale,
male 0.2,0.253 0.2, 0.253
Tier 3a 3a
Projectedotal (age &) biomass (t) 88,391 94,107
Projected Female spawning biomas
(t) 37,555 43,470

Buoos _ ) 54,439 54,439

B.. This was not done in 2017 21,376 21,376

B.. 2020 18,703 18,703
For 0.268 0.268
maxFe. 0.224 0.224
Frec 0.224 0.224
OFL () 15,622 16,853
maxABC (t) 13,185 14,229
ABC (1) 13,185 14,229

As determinedastyear for: As determinedhisyear
for:

Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

*Male natural mortality was estimated. Estimates from the preferred model 21.1 for southern rock sole.



As estimated or As estimated or

Southern rock sole Western Gulf specified lasyear for: recommefgged thigear
Quantity 2021 2022 2022 2023
M (natural mortality ratefemale,
male 0.2,0.271 0.2,0.271
Tier 3a 3a
Projected total (age+) biomass (t) 75,346 79,524
Projected Female spawning biomas
(t) 35,559 40,430

Buoos . ) 43,788 43,788

B.. This was not done in 2017 17,515 17,515

B.. 2020 15,326 15,326
For 0.335 0.335
maxFec 0.278 0.278
Frec 0.278 0.278
OFL () 14,66 15,664
maxABC (t) 12,370 13,212
ABC (1) 12,370 13,212

As determinedastyear for: As determinedhisyear
for:

Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

*Male natural mortality was estimated. Estimates from the preferred model 21.1 for southern rock sole.



Responses to SSC and Plan Team Comments on Assessments in General
NA
Responses to SSC and Plan Team Comments Specific to this Assessment

filn the next full assessment in four years, the author is requested to provide an equation and rationale for
the input sample size calculation applied to the conditiagaht-length data; it was not clear how this
calculation was performed or why this would be a function of the length samples and not purely the age
samples)

An equation was provided.

fiThe SSC noted that the scale of the standardized residuals (jaltiéod the fishery length data) was

large; further efforts to improve data weighting/model tuning are warranted. There appears to be a

systematic lack of fit reflected in the comparison of variance about the conditiorattlaggth data. The
SSCsuppdrs t he Plan Teamdbs recommendation to explore
Agrowth morpho analysis provided in the rex sole
and other lack of fit in the length data. This model also shovetthag retrospective pattern, which

represents a source of uncertainty not adequately captured in the results for management use and warrants
additional investigation.

The growth morph model was explored to account for differences in growth in thel eextmwestern
Gulf of Alaska for northern and southemck sole A systematic pattern in the residualssociated with
the fit to the length datstill exists and requires further investigation.

The models presented for northern rock sole estifiibit a strong retrgsective pattern. The fit to survey
biomasgesulted in autocorrelated residuals, which indicate 1stetionarity. In the future, the authors
will evaluate whethesurveycatchability has changed over time.

fiThe partitioning of fishery catches into northern and southern rock sole components remains
problematic, and the current approach of assigning 50% of the catch to each species represents a strong
assumption that could be improved. The SSC supports a spexedtpor further analysis, to more

accurately speciate catches in the historical4@eges. Further, the misatch between length

composition data from the fishery and survey noted by the authors for northern rock sole suggests that
mis-identification ould be affecting some model parameters. Geographically explicit separation of these
species on a biologically relevant scale could result in better fits by ensuring that datasets include only a
single species. In addition, as noted by the author, furtrideration of the best methods for modelling
these species either separately or simultaneously are encauraged

This is still an issue that will be addressed during the next full assessment.

fiThe authors also note that catch data used in the modet darrrently incorporate estimates of error or
variability, and the SSC supports efforts to rectify this.

This is still an issue that will be addressed during the next full assessment.



Introduction

Rock sole are demerdéatfish that can béound in shelf waters to 600 m depth (Allen and Smith, 1988).
Two species of rock sole are known to occur in the north Pacific Ocean, northern rotlepmegsetta
polyxystrd and southern rock sole.(bilineatg (Orr and Matarese, 2000). Adult northeock sole are

found from Puget Sound through the Bering Sea and Aleutian Isiatioks Kuril Islands, while

southern rock sole range from the southeast Bering Sea to Baja California (Stark and Somerton, 2002).
These species have an overlapping distidiouin the Gulf of Alaska (Wilderbuer and Nichol, 2009).

Rock sole are most abundant ie tkodiak and Shumagin areasorithern rock sole spawms midwinter

and spring, andouthern rock sole spawns in summer (Stark and Somerton, 2002). Northern rock sole
spawning occurred in areas where bottom temperatures averaged 3°C in January, and southern rock sole
spawned in areas where bottom temperatures averaged 6°C in June (Stark and Somerton, 2002). Rock
soles grow to approximately 60 cm and can live in exob26 years
(http://lwww.afsc.noaa.gov/race/behavioral/rocksole_fbe.htm).

Both rock sole species are managesdart of the shallowvater flatfish complexThey are often caught
with the other shallovwvater flatfish speciehich also includegellowfin sole Pleuronectes aspgr
starry flounder Platichthys stellatus butter soleRPleuronectessolepig, English sole Rleuronectes
vetulug, Alaska plaiceRleuronectes quadrituberculafysnd sandole Psettichthysnelanatictug,

Turnock et al., 2009).
Fishery

Northern and southern rock sole in the Gulf of Alaska are part of the shallow water flatfish complex.

The fishery does not report rock sole by species, so the catch statistics represent total {daklsole

4.1). The fishery observer program began collecting differentiated northern and southern rock sole data in

1997. The observer data since 1997 listsspexiss nor t hern ( Nhdi §betbatnaf8)yp
rock sole becaussdult northern andouthern rock sole are difficult to differentiate visually (Orr and

Matarese, 2000). There is considerable uncertainty about the fraction of annual rock sole catch that is

northern or southern rock sole.

Rock soleare ot targeted specifically becauey ceoccur with several other specidhey are

primarily caught with bottom trawl gear NMFS area 63@ollowed by areas 620 and 61Bigure4.1).

Rock sole are primarily caught in the spring (Makday) and in the summer/fall (Jul@ctober).Rock
solediscardsby area reported in Table 4.2. Rock staéight in the central GOA are generally retained.
Discard rates in the western GOA have ranged from 10 percent to 100 percent depending on the year.
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Data

The following data were used ihe model.

Data source Years
Fishery catclfassumed®0% NRS, 50% 19772021
SRS)

NMFS GOA groundfish survelgiomass 1996, 1999, 2001, 2003, 2005, 2007, 2009, 22013,
and SE 2015, 20172019, 2021
Fishery length composition 19972021
NMFS GOA groundfistsurveylength 1996, 1999, 2001, 2003, 2005, 2007, 2009, 20013,
composition 2015, 20172019, 2021
NMFS GOA groundfistsurveyCAAL 1996, 1999, 2001, 2003, 2005, 2007, 2009, 22013,
(2019 age data ere not availabldor NRS) 2017, 2019

Fishery

Northern and southemock solecatchesarecurrently reported as rock sdy year and management area
(Figure4.1). These data are included in the assessment model as a total catsériea®ock sole catch
has ranged frorh, 765t to 8112t since 1993 and has averdggl61t (Table4.1). Since 2010, rock sole
catch has been below this average (Table 4.2)

It wasassumed that 50% of the total rock sole catch was northern rock sole and 50% was southern rock
sole.This catch split was used for the catch input for the single area modelatahdvas assumed to be
known without error in the assessment modets.the2-area model, the catch was also split by area,
western and central GOA. On average, since 1993, 97% of rock sole catch has occurred in the central
GOA and 3% in the western GQ/igure 4.1)

Size composition data aswailable from theéNMFS observer prgram from 1985 to preseahd obtained
from the NORPAC length table®bservations were recorded as rock sole until 1996. Northern and
southern rock sole were differentiated after 199¢hery length composition data from 1997 through
2021 are included in the assessment md@8ejure 4.3. The number of sampled hauls was used as the
input sample siz the assessment mod&he number ofsamplechauls and the number of length
sampledy species and sex are summarized in TaldeThe numler of lengths sampled and hauls
sampled has varied over time and has lidowthe time series average since 2010. The majority of
length samplehave beewrollected in areas 630 and 620 with relatively few lengths collected from area
610 (Table 4.4).

Survey

Survey data are available from the NMFS Gulf of A
Resource Assessment and Conservation Engineering (RACE) division. Surveys were conducted

triennially from 1984 untill999 andiennially from 2001 until present. These data include biomass

estimates by area, length composition data, age composition data, and conditi@atd¢agih data.

Northern and southern rock sole were not differentiated until 1@ 1996, observedock sole were

identifiedas northern, southeror unidentified rock sole.

Estimates of total biomass and the associated standard errors were included in the northern and southern
rock sole assessment modihe surveytotal biomassestimatesaresunmmarized in Tablel.5a andshown
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in Figure4 4. Areaspecific biomass and standard errors were used as input foatka tnodel and
summarized in Table 4.5b and shown in Figure 4.5.

Northern rock sole survey biomassclined between 1996 and 1999 and then increased to a peak of
102,641 tin 200744, top panel). After 2007, survey biomass consistently declined to a low of 38,987 t
in 2019.The northern rock sole biomass declined by 27% between 2017 and 2019, easeiddry 29%

in 2021.The peak in totahorthern rock solbiomass matchgseak biomasm the western GIf, where

on average 0 of biomass is found}(5, toppanel3. Biomass in theentral Gulfpeaked in 2009 and
generally declinedintil 2019.Biomassm the central Gulf increased in 2021 and surpassed biomass in the
western Gulf.

Southern rock soletal biomass declined between 1996 and1B®&reased to a peak in 2QG$:clined

in 2011 and hagsemained relativelytablesince(Figure 4.4., bottom peel). The southern rock sole
biomass emate declined by 14% from 201& 2017and by7% between @17 and 201@nd increased

by 29% in 2021The peak in total biomass matchpEsak biomasi the central and westerru®, where

on average @6 and 4% of southern rock sole biomass is foungispectively (Figure 4.5, bottom

panels). Trends in southern rock sole biomasgeanerallysimilar between the central and western Gulf
but there has been some divergence in recent years. Biomass declined in the®&sand 2019, while
biomass remained stable in the central Gadiuthern rock soleitmass in the west increased in 2021 and
is now higher than in the central Gufiomass has been generally proportionally higher in the central
Gulf, 56%, than westa Gulf, 44% (Figure 4.5, bottomght panel).

Survey length composition data and conditionalagjength data were also included in the assessment
models.The number of lengths and hauls per year, area, and species are summarized i8.Titde 4.
number of haulgper yeawas used as thaput sample size for the length composition d&tee input
sample size for the conditional agelength data was the ratio of the number of hauls and number of
lengths sampled scaled by the number of age samples
N EFWoal ... .
0N Taomne” 2R

The number of ages by area are shown in Table 4.6¢c @&weherally more northern rock sole lengths
were collected from the western Gulf than the central Gulf. The opposite is true for sootiesale.

The survey length composition data for northern and southern rock sole are shown in Bigack 4.
Figure 4.3 respectivelyThe survey conditional age at length daggregated over yeaase shown in
Figures 46 and 47.

Analytic approach

General Model Structure

All models were coiigured using Stock Synthesis (SSS§3 equations can be found in Methot and
Wetzel (2013) and further technical documentation is outlined in Methot (Z0@®models covered

ages 0 to 30, were saypecific, and started in 197&ge-0 individuals representcruits to the population
and the oldest age class represents as plus gksupentioned in the data secti@mmodel 17.1(the last
accepted assessment mogdithery atch (retained catch and discards) are reported as undifferentiated
rock sole. Annual total catch was split evenly between northern and southern ramidswieluded in the
model as the catch tirgeries Catch was assumed to be known without error.

Growth was assumed to follow the von Bertalanffy growth relationship and assumed constant over time.
All growth parametrs were estimated including tweoror termslescribing theoefficient of variatiorof
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young and old individuals model 17.1The coefficient of variatiorof the intermediate ages was
interpolated fom these two parameters and assumed to be a function of length and age.

Femalenatural mortality was fixed argbtequal to 0.2. Mle natual mortality was estimated. Agesed
maturitywas a fixed input vector and is shown in Figdi@ Thelengthweightrelationship was assumed
to be the samfor females and males and ah®wn in Figuret.9. Fecundity was assumed to be
equivalent to spawning biomass.

The stock recruitment relationship wassumed to ban average level of rectmient unrelated to stock
size.Two of the stockrecruit parameters were fixed. Steepness was fixed equal tolIrinds|
configurations, gwasfixadiequaht® 0.6. Unfished irearbitmeng)(@g thel
R1_offset parameter, which adjusts the starting recruitment relativg weeRe estimated within the
model. Annual recruitment deviations wererasted for the full time period.

Sexspecifig size-based selectivity functions were estimated for the fishery and sangeyere assumed
to be constant over timé double normaselectivitypattern was used for the fishery ahdsurvey. The
double mrmal pattern is described by 6 parameters;

Peak beginning size of the plateau,
Width of the plateau,

Width of the ascending limb,

Width of the descending limb,
Selectivity at the smallest length, and
Selectivity of the largest length.

ok wNE

The selectivity parameters for the fishery were estimated and allowed for astiape relationshim

model 17.1 It was assumed that the survey selectivity was asymptotic. The parameters associated with
the descendingide of the double normalrveand the selectivity of the final size bin were fixed to
accommodate this assumption. Male selectivity was estimateddodfsemnof female selectivityyWhen

using a double normal pattern, five additional parameters arggdda differentiate from the opposite

sex. These parametafset the femal@eak,asending and descending limtadthe seletivity at the

final length bin. An additional parameter represents dipécal selectivity for males.

Catchability was fixeéqual to 1 in hmodel configurationsThis assumes that the survey biomass
estimates reflect absolute abundafweully selected individuals

Description of Alternative Models
Several modelare presentedndependentlfor northern and southern roskle. A general summary of
the models can be found Trables 4.7-4.10.

Northern rock sole models

Model 17.1 was a reun of the 207 full assessment modelitiv data updated through 20 Models

17.1a17.1c represent minor ahges to the last accepted assessment. The descending limb of female and
male fishery selectivity sharply changed and the curve became domed over length classes wigere there
little information and the model was effectively estimating parameters théitttethfluence on the

results and therefore assuming asymptotic selectivity is justifiedfi§ttery selectivity for both females

and males was fixed to be asymptotic in 17.1a.

During the September Plan Team meeting, the team noted the poor fitdngtitecomposition data and
suggested thatV of the distribution of the length at maximum g@@ameter was too large. A sensitivity
analysis was conducted to determine the impact this parameter had on the estimate of the growth curve.

13



The analysis wasonducted assuming that the CV parametertivasame for females and males. The
model runs were completed while fixing tipigrameter over a range of values from 0.01 to O:B8.

results are shown in Figure 4.1he CVat maximumage is negatively coglated with asymptotic
length,therefore smaller CV values yield higher asymptotic growth and a somewhat lower growth
coefficient. The results indicate that values of CV betweeh#@hd 0.®@ better describe the aggregate
growth ofnorthern rock soleGiven the confounding between this parameifigh asymptotic lengtithe
confounding between asymptotic length and the von Bertalanffy growth coeffitier@V of

distribution of length at maximum ages fixed in model 17.1his hdps to constrain the model into a
region where growth is better estimatbthdel 17.1c represents a combination of models 17.1a and 17.1

During the September Plan Team, the authors showed evidence for differing growth between the western
and central Gillof Alaska.This was initially evaluated based on recommendatioade by theClE

reviewers during the 2021 CIE revieWhe conditional age at length data are shown by area in Fdhre

and demonstrate this difference. In addition, differences in greeth evaluated statisticalysing the
fishmethods package (v4.0.5, Nelson, 2021) in Programdre specifically, this packageas used to
externally estimate the von Bertalanffy growth parameeraluate several models, aiod model

selection. Thelata from Yakutat and Skere combined with Chirikof and Kodiand considereds part

of the central GOA. Several models were considered and includgrbivth parameters were equal
betweerthe two areas, 2.) all growth parameters differed, 3.) asympeotijth was set equal, 4.) the

growth coefficient was set equal, and 5.) the theoretical age at which length is)2ees (set equal.

The results are presented in Tablg#l The model where all growth parameters diffetweerareas has

the lowest AC for northern rock sole and given the delta AIC there is strong support for this model for
northern rock sole femaleBifferences in growth are also supported for male northern rock sole, but a
model with the von Bertalanffy growth coefficient set equdioth areas is also supported.

The2ar ea, fgpbwt dmulahw McGilliardet al.(2017)was explored fonorthern rock sole
given the magnitude of difference in the growth relationship of this species. The two areas in the model
representethewestern GOA andentral GOA and the survey and fishery data were split according to
area and input separately in the moéstimated iShery and grvey selectivitywere sexspecific and
areaspecific Survey catchability waset equal to 1 for both areas antihae-invariant distribution

parameter that specifies the proportion of recruits in each area was estimated.

Model 21.0 is the Area representation of model 1{Thble 4.7) Model 21.1is similar to model 21.0

while assuming the C\6f the distribution of length at maximum agas fixed. This parameter has a
moderately strong negative correlation with asymptotic length in model 17.1. A sensitivity analysis was
conducted to further demonstrate this parameters influenteeagrowth estimate$he analysis was
conducted assuming that the CV parameter was the same for females and males and there was no
difference in this parameter between areas. The model runs were completed while fixing this parameter
over a range of vaés from 0.01 to 0.25.he outcome of this analysééd the influence of this CV
parameter on the growth estimates is shown in Figure 8idillar to the sensitivity analysis results for
model 17.1the CV of the distribution of length at maximum ag@egatively correlated with asymptotic
length wheresmallerCV valuesbetween 0.05 and 0.3%eld higher asymptotic growth and a somewhat
lower growth coefficient. The results indicate that values of CV bet@#¥and 0.® better describe the
areaspecificgrowth of northern rock solés such this CV parameter was fixed in Model 21.1.

Model 212 is similar to model 21 while assuming fishery selectivity is asymptofitis was done by
fixing the descending limb and selectivitf the largest size bin parameters of the double normal
selectivity patternAdditionally, this change to the model was explored becthesgescending limb of
female and male fishery selectivity sharply changed and the curve became domed over leagth clas
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where there is little informatioMhemodel was effectively estimating parameters that had little influence
on the results and therefore assuming asymptotic selectivity is jushifgetel 21.3is similar to model

21.2 while fixing the growth paramegThis run was done to further evaluate how well2teea,

growth morph model is able to estimate growth.

Southern rock sole models

Model 17.1 was a reun of the 2017 full assessment model with data updated through 2021. Model 17.1a
represents a mimahange to model 17.1. Similar to the northern rock sole assessment, the descending
limb of female and male fishery selectivity sharply changed and the curve became domed over length
classes where there is little information. In model 17.1a, female aedistgery selectivity was fixed to

be asymptotic.

During the September Plan Team meeting, the team noted the poor fit to the length composition data and
suggested that the Qdf the distribution of the length at maximum agas too large. A sensitivity

analysis was conducted to determine the impact this parameter had on the estimate of the growth curve,
the results of which are presented in the Results section. As such, the maximum CV parameter was fixed
in model 17.1b along with asymptotic fishery salett.

During the September Plan Team, the authors showed evidence for differing growth between the western
and central Gulf of Alaska. The conditional age at length data are shown by area in Figure 4.7. The
difference in growth is more subtle for soutiheock sole than northern rock solde same statistical

analysis conducted for northern rock sole using the fishmethods package in Program R was completed for
southern rock sol&hedata from Yakutat and Skere combined with Chirikof and Kodiand

corsidered part of theentral GOA.The model with the lowest AIC for southern rock sole is the model

where the, paraneter is set equal among areas (Table)dH@wvever, the model with growth differences
betweerareas and the model where the von Bertalanffy growth coefficient is set equal are also supported.
This suggests there is some differeimcgrowthbetween the areas for southern rock sole.

The2ar ea, fAgpbwt modtel wsowhererockhshleoA sendmary of the models is in

Table 4.9Model 21.0 is similar to model 17.1 (Table 4Mypdel 21.1 is similar to model 21.0 while
assuming fishery selectivity is asymptotic. This was done by fixing the descending limb and selectivity of
the largessize bin parameters of the double normal selectivity pattern. Model 21.2 is similar to model
21.1 but the growth parameters were fixed to the externally estimated values.

Parameters estimated outside the assessment model
The initial values for thgrowth parameters used in thearbare fronthe updated analysis done in

SeptemberThe parameters for the weigleingth relationship (W = &.weight in kg andength in cm)
for northern andouthern rock sole are from mock et al. (2011) and are showrFHigure 49.
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Species Parameter Female Male
Northern rock sole

All GOA Lo 45.14cm 38.49cm

K 0.2007 0.2314
to 0.2128 0.0940

Central Ls 50.29cm 41.92 cm
K 0.2039 0.2314
to 0.4907 0.2558

West Le 45.47 cm 37.72 cm
K 0.1500 0.2078
to -0.47 -0.1039

All models a 9.984x1¢ 9.984x1¢°
b 3.0468 3.0468

Southern rock sole
All GOA Ls 50.24 e 39.58 n

K 0.1637 0.2112
to 0.2875 0.1292

Central Ls 51.43 cm 39.86 cm
K 0.1659 0.2199
to 0.3285 0.2175

West Lo 48.67 cm 39.15cm
K 0.1553 0.1983
to 0.1772 0.0199

All models a 9.984x10¢° 9.984x10¢°
b 3.0468 3.0468

Parameters Estimated Inside the Assessment Model

The parameters fixeahd estimatedt each model are summarizedTiables 4.7 and 48 for northern rock
sole and Tables 9and 410for southern rock sole

Results

Model evaluation

The resulting likelihoods, model fits to the data, aedsitivity resultgor several key parameters are
presented to evaluate the northern and southern rockss#ssmemhodels.

Northern rock sole

The northern rock sole assessment model fit tauheey conditional agat-length,survey biomassand
theoveralllength composition data are shown in Figurd2 4 4.14. Model fit to annualCAAL and

length composition anith Appendix A, Figuref\.11 A.13. Theroot mean square error values associated
with themodelfit to the survey data and thetal likelihood and thelata componerikelihoods are

reported in Table4.12 andtl.13.

All modelswere fit to the survey conditional ag¢length(CAAL) data thaprovide the model with
information to estimate growth (Figure 4.1R)odel 17.217.1c were fit to the aggregated GOA CAAL

data and models 21211.3 were fit to the aregpecific CAAL. All single area models fit the CAAL data
relatively welland similarly éee Figure A.lal). Models 17.1 and 17alestimated a lower asymptotic

length and a higher growth coefficients andarameters than the external estimates (Table 4.13). Models
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17.b and 17.1c estimated a higher asymptotic length, a lower growth coefficient, andopghemeter
than the external estimatddis is not unexpected given the negative correlation between the growth
parameters (Table 4.19)hedistribution of theobserved length at ageens betterdescribed by model
17.1b and 17.1c when the CV of the oldest individuals was fixed to a value(&iguie 4.12)

The 2areag growthmorph model estimated the growth fbe central GOA similarly among models and
wassimilar to the externally estimated growth paramef@rgoth females and malé€Bigure 4.12, Table
4.14). Themodelsgenerally underestimated the asymptotic length for females and males while
overestimating the growth coefficieandt, parameter when copared to the externally estimated
parameter estimatewhichwere fixed in model 21.Zorelationamong parameters may help to explain
why the growth of the western Gulf growth moiipmot estimated as well as the growth in the central
GOA by models 21.21.2

Female asymptotic length in the western Gulf is negatively correlated witbdhgtment distribution
parameter and male natural mortality in the western @Galble 4.5). The recruitment distribution

parameters estimated in the model and determines the proportion of the population found in the western
Gulf. The range in estimas for the distribution parameter isween 0.69 and 0.73 (Table 4)1&hich

is slightly higher than the proportion of survey biomass from the western Gulf (BB¥parameter is
positively correlated with male natural mortality in the western Gulé. fledels are estimating a male
natural mortality value that provides a fairly reasonable estimate distribution of the population. Given the
negative correlation between male natural mortality and asymptotic length, for growth to be more
reasonably estimatemale natural mortality would have to be lowEne estimate of male mortality is

further constrained by the fixed value of female natural mortality. Female and male natural mortality are
generally positively correlated, therefore, the fixed value of fematural mortality will place a lower

limit of male natural mortality.

The fits to survey biomasae shown in Figure 4.13. All single area models similarly fit the aggregate
survey biomass data (Table 4.12). The fit to the-apegific survey biomass similar among the growth
morph models. Comparing across models is difficult, but when the expectespacsféc biomass is
summedbver the areaand compared to the single area modejsected valuethe fit to survey biomass
before 2015 is similar amg the models (Figure 4.13 bottom panaAl).models consistently
underestimate biomass from 2002013. Starting in 2015, thed&ea models better describe survey
biomass; however, all models overestimate biomass between 2015 and 2021. This autooonr éhati
residuals indicates nestationarity in survey biomass and in the future we will neaaviestigate
whethersurveycatchability or selectivity has changed over time.

Figure 4.4 shows the model fits to the fishery and survey size composition data aggregated over year.
Annual fits are in Appendix A (Figure A-2A.13). The fits to the fishery length composition data are
similar among the models. The same is true for the modedfitee survey length composition data. The
one notable exception is for model 21.3 when the growth parameters were fixed to the externally
estimated values. This represents the taftlen fitting the CAAL data and the length data. Model 21.3
better fitsthe CAAL data than the otheré2ea modeldt should be noted that the single area amdea
models consistently underestimate the peakeimale survey length data, whishdriven by the misfit

of the peak of the male length dibution from the wetern Gulf. To some degree this is also true for the
female survey length distribution, where the peak of the ceB@& survey length distribution is
underestimated.

Lengthbased selectivitwas modeled using the double normal pattern for the fisherganvey. Survey
selectivity was forced to be asymptotic for all models and was estimated consistently among the models
(Figure 4.15). There are obvious differences in fishery selectivity among the models (Figure 4.15).
Notably the descending limb was siine to small clanges in the model and although is estimated to be
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domeshaped. Comparing the length distribution of the fishery and survey, the fishery length distribution
is wider and includes larger individuals. Survey selectivity is assumed asymibtetefore, it seems
reasonabléo assume fishery selectivity adsoasymptotic.

Tables 417- 4.19 summarize the model estimat#sand uncertainty i$SB, age0 recruits, and fishing
mortality. Figure4.16 shows thesame resultsompared to the 2017 accepted assessment randéhe
estimated initial conditions of the model are similar among theéefs with considerable overlap in
confidence regions. In generdie 2area models estimates slightly lower SSB and higher F than the
single area model. However t he annual SSB estimates f all wi t hin
majority of the time seried.he greatest deviaticmmong the single area anéiamodels is in the last
several years where the single area modehasts higher SSB than theaPea model. The single area
models overestimatde increase isurvey biomass more so than thar2a modediriving thistrendin
estimated SSHt should also be noted estimated SSB between-2017 for all models is lowehan the
last accepted assessment modbis is largely driven by higher estimated recruitment in the early 2000s
by the last assessment model.

Figure 4.17 shows the estimated SSB andGageeruit time series by areBhe 2area, growth morph
models esinated the proportion of recruitment in the western area to be between 69% and 73%
depending on the model (Table 4.16). Therefore, recruitment in the central GOA was estimated to be
between 21% and 27%. The estimated difference in SSB also reflectsférsndie. Over the bottom

trawl survey times, on average, ~63% of biomass has been in the western area (Figure 4.5).

The autlorsrecommendnodel21.2be used to provide management ad¥irenorthern rock sole

because aj explicitly models thalifferences irgrowth in the central and western Gulf by modeling
growth separately, b) the model better estimates growth in the central Gulf, where the majority of rock
sole catch occurs and therefamgrovedreference points reflecting the differenngroductivity in the

two areasand c)there is a visible improvementthe fit to the survey biomass data.

Retrospective analysis

A retrospective analysis was conducteddibmodelsto examine the consistency among parameter
estimates as dateereremoved from the assessment modéie analysis extends back 10 yg2&10
2020. A single peel of the data remalannual fishery catcand length composition data aneey
other year survey biomass estimatsyeylength composition data, asdrvey CAAL data wex
removed.

The Mohndéds rho results from the r eHguresd.pBeaandt4il%¥ e ana
summarize the retrospective results for models 17.1c and\a&del 17.1c was chosen azomparison

because it represents an improvement on the last accepted model by better estimating aggregate growth.

SSB increased and fishing mortaligclined with each successipeel of the data. Ryenerally increased

with each peel of the data. Thetimates of ag® recruits did not have a clear pattern, but the @Bk

increased with the first seveeels of the data and then declined Viittther removal of data

The revisedM 0 h n @vas calculatedb indicate the direction and size of the retrospective bizes.

r evi s e d sthistiocfor 83Bwas equal t®.27 and 0.25 for models 17.1c and 21.2, respectively.

TheMo h n &tatistic for SSBvas similar across models.positive biasndicates tat previous

assessments would have been more optimistic about stock size and would have resulted in more

optimistic management advice. When models have a directional retrospective bias, this indicates that

some aspect of the model that is assumeditivaiant may change over time (e.qg., selectivity, natural

mortality, catchability, etc.).i8wlation results from HurtadBerroet al. (2015) suggest that models with
retrospective patterns with | values greater than
retrospective pattern in the mod€he residuals from the fit to the survey biomass suggests non
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stationarity. In the futureye will have to evaluate whether survey catchability has changed over time or
some other biological progress such as, natural mortality has changed over time.

Southern rock sole

The southern rock sole assessment model fit to the soorelitional ageatlength, survey biomass
estimates, and the length composition data are shown in FiguBeis4L22. The root mean square error
values associated with the fit to the survey data and the total likelihood and the data component
likelihoodsare reported in Tables 4.2nd 4.5.

All models were fit to the survey conditional agigength (CAAL) data, which provide the model with
information to estimate growth (Figure 4.27). Model 1¥711b were fit to the aggregated GOA CAAL

data and model®1.0-21.2 were fit to the aregpecific CAAL. All single area models fit the CAAL data
relativelywell and similarly (Figures 4.20 and Appendix Adrdd Table 4.8). The same is true for the 2

area models. The fits to the argaecific data are simildo each other and thexternallyestimated

growth curves. Given the negative correlation between asymptotic length and the growth coefficient, the
2-area models estimate slightly smaller asymptotic length and higher growth coeffiCegitss 4.8 and

4.27). Additionally the positive correlation between asymptotic length antefeesnce age for the first
sizeatage(L_at_amin)tois larger than expected when compared to the externally estimated growth
parameters.

The fits to survey biomassgere similar for allsingle areanodels(17.1-17.1b)and exhibit similar residual
patterngFigure4.21). There is some degree of underestin@survey biomass starting in 2005 through
2015, except 201&ndthelast two year®f biomass are overestimat@egure 4.2). Fits to the area

specific survey biomass exhibit similar trends as the siagla models. When the expected apecific
biomass is summealver areaand compared to the single area models, the fit to survey biomass over the
entire time series is similar among the models (Figuréoom panel).

Figure 4.2 shows the model fits to the fishery and survey size composition data aggregated over year.
The annual data and model fits are shown in Appendix A (FiguresA26&. The fits to the fishery

length composition data are similar among the models. The sanue ifor the model fits to the survey
length composition data. Tlggowth parameters in model.2werefixed to the externally estimated
valuesand does not fit the survey length composition from the we&alinas well as the other@ea

models Thisrepresents the trad#f in fitting the CAAL data and the length data. Model 21a2 a

slightly better fit to the western GUFAAL data than the other-&rea models. It should be noted that the
single area and-area models consistently underestimageptbak of théemalesurvey length dataverall

and in both areas.

Lengthbased selectivity was modeled using the double normal pattern for the fishery and survey. Survey
selectivity was forced to be asymptotic for all models and was estimated cohsetenig the models

(Figure 4.23. Fishery selectivity was allowead be domeshape in model 21.0 and forced to be

asymptotic in models 21.1 and 21.2. When estimated the descending limb dropped sudderdypynd

at the largest size classesandesderitiy est i mat ed an asymptotic select
estimation behavior, it is reasonable to assume fishery selectivity is asymptotic.

Male natural mortality was estimated by all modelsile female natural mortality was fixed at 0. ®ale
natural mortality was estimated to be ~0.27 by the single area models and ~0.27 in the western Gulf by
the 2area mode{Table 4.%). Male natural mortality was estimated to be ~0.25 in the Central Gulf by

the 2area models.
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A key estimated parameter of th@Ba growth morph model is the recruitment distribution parameter.

This parameter essentially allocates the proportion of thalation between the modeled areals2 -

area growth morpmodels estimated that the population was evenly split between the central and western

Gulf (Table 4.8 and Figure 43). The proportion of survey abundance and biomass in the central Gulf is
~56%and in the western Gulf 44% (Figure 4.5), ther e
similar to the apportionment of survey biomass

Tables 4297 4.31 summarize thenodel estimates @fnd uncertainty in SSB, aderecruits, and fishing

mortality. Figures 425 show the estimates of annual @yeecruits fishing mortality,annual spawning

biomassand unfished recruitment on the isgale The initial conditions, measured ag Rere similar

among the modelsyith a somewhat lowezstimate when the growth ggeneters were fixed (Figure

4.25. The trends in spawning biomass were similar among the models. Spawning stock biomass had been
declining since 2007 and increased in 2021 (Tal@@ahd Figure 4.32)This increase correspondsthe

2010 cohort, which corresponds to average recruitment, becoming mature (B8biMddel 21.2

estimates spawning biomass to be lower and fishing mortality to be higher than the othemitiodels

little overl ap with t déregiossMadeld 1€l-1ak, 2.8, am@Hishihgs 6 conf i
mortality estimates are more similar.

The difference in southern rock sole growth in the central and western Gulf is of a smaller magnitude than
northern rock soleGrowth models were comparadSeptember and the AIC results suggest that

southern rock sole growth differs in the two areasshpport was strongest for a model assumingdothe

differ. Therewasalsostrong support for the model assuming all growth parameters differed and the

model assuming the growth coefficient differed. Med@l.0-21.2 accounts for a full difference in growth

in the central and western Gulf. The results presented in this report indicate thard¢aegPowth morph

model can estimate the arspecific female and malsouthern rock sole growth curves fairly liand fit

the data inputs as well as the single area models. This results in fairly similar estimates between the
singlearea and -area growthmorph models. Given that thea?ea model better accounts for differences

in growth,theauthorrecommendthatmodel21.1 beused to provide management advice.

Retrospective analysis

A retrospective analysis was conducteddibmodels.The analysis extends back 10 ye@@112020).
Theresults arewmmarizedn Table 4.2 and indicate all models performed similaffihe retrospective
pattern in spawning biomass for southern rock s@enot as obvious as northern rock satel minimal
(Figure 4.2@). The retrospective analysis showed little pattern in fishwogtality. The estimates ofoR
variedand became generally smaller with each pgelear pattern in the ag@recruit estimateswasnot
apparent

The r evi g wabkcdldoldied id mdicate the direction and size of the retrospective bias. The

revie d Moy lstatidtie for SSB anthnge between 0.05 and 0.iBdicating a small, gsitive bias

Simulation results from HurtadBerroetal.( 2015) suggest that models with
values greater than 0.2 should explicitly addressduse of the retrospective pattern in the madel.

models hag value less than 0.2, suggesting that at this time the cause of the retrospective does not have

to be explicitly modeled, but should be evaluated in the future.

Time Series Results
Northern rock sole

Tables 4.174.19 summarize spawning biomass, recraitinage0 recruits), and fishg mortality with
uncertainty.Table 434 summarizes the spawning stock biomass aneDageruitment time series from
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the 2017 assessment (model IModell2)L.2)far 2@R1 for martheenut hor 6 s

rock sole. Spawning biomass is consistently lower while the difference in recruitment varies, but on
average is also lower.

SSB has beeabove SSByand fishing mortality has been belowsd(Figure4.27).

The estimated total numbeasage fornorthern rock sole by model 1'¢. and 21.are summarized in
Table 4.21and 4.22 It shows that the model estimated strong year classes for 188#idto late
1990s, 20042011and 20152017

Southern rock sole

Tables 4.291.31summarize the spawnirdgomass and recruitment (a@eecruits) timeseries for
southern rock sole with uncertainty (reported as dple 4.35ncludesestimatedime-series from the
previous full assessmemiodeland the recommended modelpdel21.1. Spawning biomass is similar
between the two models. Recruitment is also similar, but with 4 more years of data the estimate of
recruitment in years 2012017 are considerably higher than the 2017 assessment.

SSB has been well above SsBand fishing mortality has been well belowsdk(Figure4.28).

The estimated total numbeasage for northern rock sole by moddl.1 are summarized in Table 4.33
Model 21.1estimated strong year classes in the late 1970s and early 1980s, 1998, 2003, 201@t. and 20
The length and age data startlio97.

Harvest Recommendations

The GOA northern and southern rock sole stocks were moved from Tier 4 to Tier 3 of the NPFMC
harvest guidelines in 2011. In Tier 3, reference mortality rates are based on the spawning biomass per
recruit (SPR), while biomass reference levels are estimated by multiplying the SPR by average
recruitment. Estimates of the FSPR harvest rates were obtaimegdtie life history characteristics.
Spawning biomass reference levels were based on averafaegeitment for 1972017. Female

spawning biomass was calculated using the mean waiglgeof mature femaleat the time of

spawning A summary of therojection results are presented here and in the executive summary table at
the beginning of the report.

Projections were run for models 17.1c and Zpr2ferred modeljor northern rock soldnputsinclude,
natural mortality, mature female weightage, female and male weigtage female and malage

based fishery selectivity, femaded male numbeiast age in the terminal year (202&ge0 recruits from
1977 to 2017, and swvning biomass fror977 to 2021Projection results for model 21.2 are included in
the executive summary. The projection results for model 1@.&mgle area model for comparison
purposesare showrbelow.
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As estimated or As estimated or

specified lasyear for: recommended thigear for:

Quantity 2021 2022 2022 2023
M (natural mortality ratefemale, malg| 0.2, 0.253* 0.2, 0.253*| 0.2, 0.239% 0.2,0.23%
Tier 3a 3a 3a 3a
Projected total (age+) biomass (t) 94,612 94,614 90,348 95,479
Projected Female spawning biomd$s 47,694 46,330 41,784 46,494
Buoos 51,387 51,387 50,155 50,155
B 20,555 20,555 20,062 20,062
Buss 17,985 17,985 17,554 17,554
For 0.462 0.462 0.25 0.25
maxFe. 0.382 0.382 0.21 0.21
Frec 0.382 0.382 0.21 0.21
OFL (t) 21,080 21,191 16,367 17,324
maxABC (t) 17,756 17,851 13,812 14,624
ABC (1) 17,756 17,851 13,812 14,624
As determinedastyear for:| As determinedhisyear for:

Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No nfa No
Approaching overfished n/a No n/a No

Projections were also completed for southern rock sole models 17.1 and 21.1. The results for the
preferred mode21.1 are presented in the executive summary table and for modettigylare presented
below:
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As estimated or As estimated or

specified lasyear for: recommended thigear for:

Quantity 2021 2022 2022 2023
M (natural mortality ratefemale, malg| 0.2, 0.248* 0.2, 0.248* 0.2,0.271 0.2,0.271
Tier 3a 3a 3a 3a
Projected total (age+) biomass (t) 144,833 148,917 164,505 175,206
Projected Female spawning biomd$s 72,973 73,930 76,194 87,589
Buoos 93,518 93,518 99,661 99,661
B 37,407 37,407 39,864 39,864
Buss 32,731 32,731 34,881 34,881
For 0.326 0.326 0.383 0.383
maxFec 0.271 0.271 0.319 0.319
Frec 0.271 0.271 0.319 0.319
OFL () 27,204 27,943 33,245 35,727
maxABC (t) 22,990 23,614 28,012 30,113
ABC (1) 22,990 23,614 28,012 30,113
As determinedastyear for:| As determinedhisyear for:

Status 2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

*Male natural mortality was estimated

Biomass projections

A standard set of projections is required for stocks managed under Tier 3 of Amendment 56. This set of
projections encompasses seven harvest scenarios designed to satisfy the requirements of Amendment 56,
the National Environmental Policy Act, and the MagorStevens Fishery Conservation and

Management Act (MSFCMA).

For each scenario, the projections begin with the vector2if 20mbers at age estimated in the

assessment. This vector is then projected forward to the begmi2@@2using the scheduled natural

mortality andfisheryselectivity described in the assessment and the best available estimate of total annual
catch for 2@1, 2022, and 2023n each subsequent year, the fishing mortality rate is prescribed on the
basis of the spawning biomasghat year and the respective harvest scenario. In each year, recruitment is
drawn from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates
determined from recruitments estimated in the assessment. Spawning hocmmsputed in each year

based on the time of peak spawning and the maturity and weight schedules described in the assessment.
Total catch is assumed to equal the catch associated with the respective harvest scenario in all years. This
projection scheme r®n 1000 times to obtain distributions of possible future stock sizes, fishing

mortality, and catches.

Five of the seven standard scenarios will be used in an Environmental Assessment prepared in

conjunction with the final SAFE. These five scenariosicivlare designed to provide a range of harvest
alternatives that are likely to bracket the final TACfor01 ar e as f ol l ows (fAmax FA
maximum permissible value of FABC under Amendment 56):
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Scenario 1: In all future years, F is set edoahax FABC. (Rationale: Historically, TAC has
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.)

Scenario 2: In all future years, F is set equal to a constant fraction of max FABC, where this
fraction is equal to #ratio of the FABC value for 2@ recommended in the assessment to the
max FABC for 2@0. (Rationale: When FABC is set at a value below max FABC, it is often set at
the value recomended in the stock assessment.)

Scenario 3In all future years, F is segjual to the average of the five most recent years.
(Rationale: For some stocks, TAC can be well below ABC, and recent average F may provide a
better indicator of FTAC than FABC.)

Scenario 4In all future years, the upper bound on FABC is set at F6R#tidhale: This
scenario provides a likely lower bound on FABC that still allows future harvest rates to be
adjusted downward when stocks fall below reference levels.)

Scenario 5: In all future years, F is set equal to zero. (Rationale: In extremelégSesay be
set at a level close to zero.)

Two other scenarios are needed to satisfy the MSF:
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as
follows (for Tier 3 stocks, the MSY level is defined ag:8:

Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines
whether a stock is overfished. If the stock is expected to be above its MSY lev2LliarizD
above its MBY level in 2@5 under this scenario, then the stock is not overfished.)

Scenario 7: In 282 and 2@3, F is set equal to max FABC, and in all subsequent years, F is set
equal to FOFL. (Rationale: This scenario determines whether a stgjrizaching an

overfished condition. If the stock is expected to be above its MSY leveBawl@ler this

scenario, then the stock is not approaching an overfished condition.)

The projections for northern rock sole in the central GOA can be found in Talle@d€r. scenario 6,
northern rak sole spawning biomass in 2021 the central Gulf i40,526t and the year 2035 spawning
biomass8,293t, is above the By level of 7,568t. For scenario 7, the year ZD§pawning biomass is
8,297t, is also above B

The projections for northern rock sole in the western GOA can be found in Takla®. scenario 6,
northern rak sole spawning biomass in 20i2lthe westernGulf is 23,229t and the year 2@spawning
biomass is0,654t, both are above thes,level of 10,030t. For scenario 7, the year Z8pawning
biomass i< 0,655t is also above B

The projections for southern rock sole in the centralGOA can be found in Takleds. scenario 6,
southern rock sole spawning biomass in 2021 ircdmralGulf is 33,65 t and the year 2@3spawning
biomass i20,90t, both are above thes&;level of 18,70l t. For scenario 7, the year 20§%awning
biomass i20,573t, is also above B

The projections for southern rock sole in the western GOA can be found in Tabled&®.scenario 6,
southern rock sole spawning biomass in 2021 imtagternGulf is 32,477t and the year 2@3spawning
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biomass isl6,782t, both are above thes;8,level of 15,326t. For scenario 7, the year 2033 spawning
biomass id6,778t, is also above B

The authors recommendations fagc and ABC for northermock sole for 2021 in the central Gulf are
0.157 and 3999t and in the western Gulf afe225 and 7,883 t

The authors recommendations Fagc and ABC for souternrock sole for 2021 in the central Gulf are
0.224 and 13,188nd in the western Gulf af278 and 12,370 t

Ecosystem Considerations

See the shallow water flatfish chapter information on ecosystem considerations for the Gulf of Alaska
shallowwater flatfish fishery and stocks.

Ecosystem Effects on the Stock
See the shallow water flatfigbr information on ecosystem considerations for the Gulf of Alaska
shallowwater flatfish fishery and stocks.

Fishery Effects on the Ecosystem
See the ecosystem considerations for the Gulf of Alaska shel&ier flatfish fishery and stocks.

Data Gaps and Research Priorities

Several data gaps andsearch prioritiegre still at large for this assessment.

1. The firstis thesplitt of total rock sole catch, which has been a consistent concern over time.
Potential future avenues to address this probletnde determining the proportion of northern
and southern catch from the observer and survey databasesmpare the changes over time.

2. Futuremodels should include a measure of undgetyeassociated with the cataBurrentlythe
model assumes that chtisknown perfectly when in fact we know this is not true.

3. Given the retrospective pattern exhibited by the northern rock sole assessment model and the
residual pattern from the fit to the survey data, tiragying catchability should bevaluated.

4. A formal data weighting approach should beevaluated.
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Tables

Table 4.1. Total rock sole catch from Alaska Fisheries InfaomaNetwork (AKFIN) as of 221-10.
*Value represents an estimate oR2@atch.

Year Catch §)
1993 8112.12
1994 3008.11
1995 3923.91
1996 6595.32
1997 5466.78
1998 2532.34
1999 1765.35
2000 5386.69
2001 4771.73
2002 5564.29
2003 3554.64
2004 2216.74
2005 4130.50
2006 5763.28
2007 6727.40
2008 7269.09
2009 6538.69
2010 3570.64
2011 3237.93
2012 2923.49
2013 4199.96
2014 3645.50
2015 2863.09
2016 3166.62
2017 2116.89
2018 2106.35
2019 2171.89
2020 3175.48
2021 1367.468




Table4.2 Discarded ratesf rock sole(discard/total catch)y area for 1992020. Source: NMFS Alaska
Regbonal Office via AKFIN, October 1,122(21.

West Central East
Year Discard rate Discard rate Discard rate
1993 1.0 0.3 1.0
1994 0.7 0.2 1.0
1995 0.9 0.2 0.8
1996 0.1 0.1
1997 0.6 0.1 0.0
1998 0.6 0.0 0.0
1999 0.3 0.0 0.0
2000 0.6 0.0 0.0
2001 0.1 0.0 0.0
2002 0.3 0.0 0.0
2003 0.2 0.0 0.0
2004 0.3 0.1 0.0
2005 0.0 0.0
2006 0.1 0.0 0.2
2007 0.2 0.0 0.0
2008 0.2 0.0
2009 0.2 0.0 0.0
2010 0.6 0.1 0.2
2011 0.2 0.0 1.0
2012 0.3 0.0 1.0
2013 0.9 0.0 0.9
2014 0.9 0.0 1.0
2015 0.8 0.0 0.5
2016 1.0 0.0 1.0
2017 1.0 0.0 1.0
2018 0.4 0.0 1.0
2019 0.6 0.1 1.0
2020 0.9 0.0 1.0
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Table4.3 Number of lengths by year, species, andasekhaulsampled by the NMFS fisheries
observer prograr{data obtained from NORPAC length report)

NORTHEEN ROCK SOLE SOUTHERN ROCK S0OLE

Year F M U Hauls F M U Hauls
1997 542 334 14 1020 587 20
1998 1807 1148 008 139 3168 2081 1094 157
1999 394 242 12 41 197 197 11 31
2000 1818 1482 16 204 1404 1121 22 186
2001 1913 1545 57 274 1828 1332 02 257
2002 3256 1929 11 368 1643 1162 30 320
2003 1293 1192 10 189 1041 779 32 168
2004 520 314 21 81 1242 719 4 140
2005 077 803 11 157 1120 681 7 157
2006 1979 1177 13 244 1113 634 28 217
2007 1978 1713 23 297 1731 1197 32 273
2008 1717 1087 31 224 1999 1455 14 273
2009 2273 1679 43 301 2218 1459 62 322
2010 1064 1093 7 174 1087 742 2 159
2011 314 327 4 65 479 275 6 59
2012 1036 657 2 141 1733 1202 7 189
2013 851 1154 30 114 669 408 25 84
2014 746 779 2 02 338 249 45
2015 520 547 5 60 104 90 34 27
2016 1174 1506 8 147 378 204 08 60
2017 256 343 1 43 264 183 50
2018 279 445 3 42 310 338 35
2019 392 322 41 72 524 462 44 86
2020 576 686 2 117 915 890 11 117
2021 23 16 2 10 7 2
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Table 4.4. Numbeof lengths by year, species, sex &MdFS area collected by the NMFS fisheries

observer program (data obtained from NORPAC length report).

a)
NORTHERN ROCK SOLE
610 620 630 640

Year F M U F M U F M U F M
1997 226 131 316 203

1998 262 105 350 | 1482 087 744 | 10 1
1999 18 11 376 231 11

2000 15 21 193 01 2 | 1601 1356 20 o 14
2001 76 23 1 66 53 1739 1450 91

2002 157 31 1488 745 6 | 1593 1147 24

2003 o7 52 237 227 832 876 32

2004 49 33 1 2006 74 2 265 187 1

2005 146 135 22 8 809 660 7

2006 192 82 211 71 1576 1024 28

2007 65 4 123 62 1 1790 1647 31

2008 27 14 167 59 1 1523 1014 13

2009 35 29 jle 166 5 | 1913 1475 57 9 9
2010 2 11 6 1051 1087 2

2011 1 4 7 306 323 6

2012 17 9 88 53 931 595 7

2013 3 14 10 6 14 | 838 1134 11

2014 21 725 779

2015 14 7 5006 540 34

2016 2 2 22 4 1150 1500 08

2017 0 10 38 28 209 305

2018 279 445

2019 17 9 10 3 365 310 44

2020 15 2 561 684 11

2021 17 4 6 12
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Table 4.4 continued.

b)
SOUTHERN ROCK SOLE

610 620 630 640
Year M U M U F M U M
1997 135 83 720 370
1998 537 328 265 | 1371 812 534 3
1999 2 3 195 194 12
2000 56 22 141 66 1 1194 1024 15
2001 68 49 21 17 1689 1235 52
2002 20 33 409 240 3 1122 8§74 8
2003 39 37 201 145 722 554 10
2004 35 34 111 17 1096 668 21
2005 260 87 12 2 848 592 11
2006 81 32 01 44 041 558 13
2007 107 108 1624 1089 23
2008 5 5 193 99 2 | 1801 1351 29
2009 8 1 189 77 1 |2016 1376 42 5
2010 38 25 1049 717 7
2011 29 450 271 4
2012 4 o7 37 1632 1165 2
2013 1 668 498 30
2014 1 1 338 247 2
2015 1 104 89 5
2016 13 10 49 23 316 171 8
2017 12 3 32 11 220 169 1
2018 23 14 287 324 3
2019 4 2 520 460 41
2020 0 9 20 14 886 867 2
2021 1 4 o 3
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Table45. NMFS GOA bottom trawl survey total biomass estimates (in metric tons) and standard

deviation.
a)
NORTHERN ROCK SOLE SOUTHERN ROCK SOLE

AREA Year Biomass (t) SD Biomass (t) SD
GOA 1996 78845 9929.9 127390 12580.0
GOA 1999 61543 15133.9 106235 10580.3
GOA 2001 64809 9887.3 122492 14643.1
GOA 2003 79648 9513.7 126819 12479.8
GOA 2005 91453 10123.2 147580 15092.8
GOA 2007 102641 12063.8 162358 11810.3
GOA 2009 95846 16067.7 191765 22591.3
GOA 2011 72875 12426.7 120573 10318.3
GOA 2013 74586 13586.8 131441 13993.3
GOA 2015 52370 7695.0 125518 9564.9
GOA 2017 55047 8260.6 107985 9568.1
GOA 2019 39875 7644.0 100698 8620.2
GOA 2021 51498 13704.1 129601 9933.9

32



Table 4.5. continued

b)
NORTHERN ROCK SOLE SOUTHERN ROCK SOLE

AREA Year Biomass (t) SD Biomass (t) SD

Central 1996 15962 3459.09 79970 11255.48
Central 1999 16366 4467.46 61136 8012.69
Central 2001 27535 5348.08 63181 9221.95
Central 2003 36521 6272.85 71703 11134.33
Central 2005 32871 6915.61 83628 12505.36
Central 2007 37078 7560.32 84153 8278.60
Central 2009 39660 9727.90 109045 18310.92
Central 2011 27812 5809.46 69254 8177.03
Central 2013 27139 8233.79 73340 12027.16
Central 2015 25413 6242.21 62070 6746.21
Central 2017 26227 7075.56 67498 8473.94
Central 2019 11931 2978.64 62924 6956.95
Central 2021 29270 9827.45 60185 6159.39
West 1996 62883 250.76 47420 5618.86
West 1999 45178 212.55 45098 6909.41
West 2001 37274 193.06 59311 11374.32
West 2003 43127 207.67 55116 5636.60
West 2005 58582 242.04 63952 8450.37
West 2007 65563 256.05 78205 8423.05
West 2009 56186 237.04 82720 13231.73
West 2011 45063 212.28 51319 6293.18
West 2013 47447 217.82 58101 7152.52
West 2015 26958 164.19 63448 6780.52
West 2017 28820 169.76 40487 4443.08
West 2019 27944 167.16 37775 5090.13
West 2021 22229 149.09 69416 7793.80
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Table 46. NMFS GOA bottom trawl surveg-b) number of lengthsollectedandthe number ohauls
capturing each speciby year and area. a) Northern rake and b) southern rock soledfiNumber of
ages by area and sex, ¢) northern rock sole and d) southern rock sole.

a)
Number of lengths
Female Male Number of hauls
Year Central West Al GOA | Central West AllGOA | Central West All GOA
1999 1087 2342 3429 611 1545 2156 11 20 31
2001 1648 2462 4110 1036 1133 2169 60 41 102
2003 2416 4135 6551 1799 2740 4539 32 33 67
2005 2037 2930 4967 1197 2418 3615 19 36 55
2007 1900 4675 6575 1216 3160 4376 36 41 78
2009 2232 3585 5817 1441 2559 4000 30 24 54
2011 1511 2309 3820 868 1402 2270 31 42 73
2013 964 1907 2871 542 1187 1729 26 35 61
2015 1343 2141 3484 1049 1537 2586 29 22 51
2017 1074 1721 2795 736 1231 1967 46 28 74
2019 568 1217 1785 404 1129 1533 22 36 59
2021 850 858 1708 587 664 1251 19 29 48
b)
Number of lengths
Female Male Number of hauls
Year Central West Al GOA | Central West All GOA Central West All GOA
1996 3756 2908 6664 1152 781 1933 16 23 39
1999 3017 2029 5046 1102 916 2018 20 16 36
2001 3016 2318 5334 1311 662 1973 78 29 109
2003 3989 4348 8337 2113 2066 4179 44 23 68
2005 4877 3041 7918 1981 1311 3292 33 28 61
2007 4933 4699 9632 1939 2189 4128 46 29 76
2009 4455 4594 9049 2052 1889 3941 36 20 56
2011 3141 2774 5915 1329 832 2161 39 32 71
2013 2667 2312 4979 1248 915 2163 34 28 62
2015 3274 3503 6777 1388 1229 2617 24 22 46
2017 2078 2092 4170 1278 538 1816 o4 27 81
2019 2618 1975 4593 1284 1045 2329 78 46 125
2021 2573 3019 5592 1382 1687 3069 69 69 138
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Table 4.6. continued

c)

Central West
Year Female Male Female Male Total
1996 65 38 71 56 230
1999 64 45 163 110 382
2001 180 115 170 125 590
2003 114 77 184 129 504
2005 69 42 150 124 385
2007 77 49 180 146 452
2009 121 91 164 131 507
2011 78 56 162 114 410
2013 100 89 121 82 392
2015 129 105 124 93 451
2017 251 159 109 72 591
d)
Central West
Year Female Male Female Male Total
1996 98 59 83 28 268
1999 134 89 89 43 355
2001 339 204 91 63 697
2003 240 150 112 69 571
2005 150 78 108 73 409
2007 158 93 111 79 441
2009 192 142 98 75 507
2011 135 76 105 66 382
2013 152 101 114 77 444
2015 134 72 113 79 398
2017 314 216 111 77 718
2019 291 117 181 79 668

35



Table 47. Summary ofdata andnodelassumption$or the northermock sole single aremodel
alternatives*In SS3v3.30 R1_offset parameter no longer exists. It is estimated as a SR regime parameter

NORTHERN ROCK SOLE

Model Number
SS version

17.1 17.1a 17.1b 17.1c

Model dimensions
Start and end year

1977, 2021

Data
Fishery catch
Survey biomass
Fishery length composition

1977-2021
1996-2001 (triennial), 2003-2021 (biennial)
1977-2021

Survey age composition 1977-2017
Survey CAAL 1977-2017
Growth von Bertalanffy
L_at_Amin (female and male) Estimated
L at Amax (female and male) Estimated
K (female and male) Estimated
CV_young (female and male) Estimated
CV_old (female and male)  Estimated 0.1 0.1 0.1
Natural mortality 0.2 (female), Estimated (male)
Maturity Fixed input
Stock-recruitment
La(RO) Estimated
Steepness 1
Gn 0.6
R1 offset* Estimated
Recruitment devs Estimated (1977-2021)
Catchability 1
Selectivity Double normal pattern
P1: Peak (Fem) Estimated
P2: top (Fem) Estimated, prior~N(0,5)
P3:Ascend width (Fem) Estimated
. Estimated, Estimated,
P4: Descend width (Fem) prior-N(0.5) 0 prior~N(0.5) 0
P5:Selex first bin (Fem) Estimated -10 Estimated -10
. Estimated, Estimated,
P6: Selex last bin (Fem) prior-N(0.5) 10 prior-N(0.5) 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) 0
P4: Selex last bin (Male) 0
P5: Scale (Male) 1
Survey Double normal pattern
P1: Peak (Fem) Estimated
P2: top (Fem) 0
P3:Ascend width (Fem) Estimated
P4: Descend width (Fem) 0
P5:Selex first bin (Fem) -10
P6: Selex last bin (Fem) 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) 0
P4: Selex last bin (Male) 0
P5: Scale (Male) 1
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Table 48. Summary of data and model assumptions for the northern rock-aoda 2nodel alternatives.

NORTHERN ROCK SOLE

Model Number
SS version

21.0

211

[
=
™)

21.3

Model dimensions
Start and end year

1977, 2021

Fighery catch

Survey biomass

Fishery length composition
Survey CAAL

Data (Central and western GOA split)

1977-2021 (97% Central, 3% West)
1996-2001 (triennial), 2003-2021 (biennial)

1977-2021
1977-2017

Growth
Central
L at Amin (female, male)
L_at_Amax (female, male)
K (female, male)
CV_young (female, male)
CV_old (female, male)
West
L_at Amin (female, male)
L_at_Amax (female, male)
K (female, male)
CV _young (female, male)
CV old (female, male)

Estimated
Estimated
Estimated
Estimated
Estimated

Estimated
Estimated
Estimated
Estimated
Estimated

Estimated  Estimated
Estimated  Estimated
Estimated  Estimated
Estimated Estimated
Estimated 0.08

Estimated  Estimated
Estimated  Estimated
Estimated  Estimated
Estimated  Estimated
0.08 0.08

15.73,15.99

50.29.41.92

0.2039, 0.2558
0.2,0.2
0.09, 0.09

15.6, 14.97
45.47,37.72
0.15,0.11
0.18,0.18
0.09, 0.09

Natural mortality

0.2 (female), Estimated (male) for both areas

Recruitment devs

Maturity Fixed input
Stock-recruitment
Ln(RO) Estimated
Steepness 1
Op 0.6
R1 offset* Estimated

Estimated (1977-2021)

Catchability 1 (central and west survey)
Double normal (same assumptions for central and western
Selectivity area)
P1: Peak (Fem) Estimated
P2: top (Fem) Estimated, prior~N(0,5)
P3:Ascend width (Fem) Estimated
. Estimated, Estimated,
P4: Descend width (Fem) prior-N(0.5)  prior-N(0, 0 0
P5:Selex first bin (Fem)  Estimated Estimated -10 -10
. Estimated,  Estimated,
P6: Selex last bin (Fem) prior~N(0.5)  prior~N(0, 10 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) 0
P4: Selex last bin (Male) 0
P5: Scale (Male) 1
Double normal (same assumptions for central and western
Survey
’ area)
P1: Peak (Fem) Estimated
P2: top (Fem) 0
P3:Ascend width (Fem) Estimated
P4: Descend width (Fem) 0
P5:Selex first bin (Fem) -10
P6: Selex last bin (Fem) 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) 0
P4: Selex last bin (Male) 0
P5: Scale (Male) 1
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Table 49. Summary of data and modedsumptions for theouthern rock solsingle areanodel

alternatives.

SOUTHERN ROCK SOLE

Model Number
SS version

17.1 17.1a 17.1b

Model dimensions
Start and end year

1977, 2021

Data
Fishery catch 1977-2021
Survey biomass 1996-2001 (triennial), 2003-2021 (biennial)
Fishery length composition 1977-2021
Survey age composition 1977-2019
Survey CAAL 1977-2019
Growth von Bertalanffy
L at Amin (female and male) Estimated
L_at Amax (female and male) Estimated
K (female and male) Estimated
CV_young (female and male) Estimated
CV old (female and male) Estimated Estimated 0.1
Natural mortality 0.2 (female), Estimated (male)
Maturity Fixed input
Stock-recruitment
Ln(RO) Estimated
Steepness Fixed=1
or Fixed = 0.6
R1 offset* Estimated
Recruitment devs Estimated (1977-2021)
Catchability Fixed =1
Selectivity Double normal pattern
P1: Peak (Fem) Estimated
P2: top (Fem) Estimated
P3:Ascend width (Fem) Estimated
P4: Descend width (Fem) Estimated 0 0
P5:Selex first bin (Fem) Estimated -10 -10
P6: Selex last bin (Fem) Estimated 10 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) Fixed =0
P4 Selex last bin (Male) Fixed=0
P5: Scale (Male) Fixed=1
Survey Double normal pattern
P1: Peak (Fem) Estimated
P2: top (Fem) 0
P3:Ascend width (Fem) Estimated
P4: Descend width (Fem) 0
P5:Selex first bin (Fem) -10
P6: Selex last bin (Fem) 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) 0
P4: Selex last bin (Male) 0
P5: Scale (Male) 1

38



Table 410. Summary of data and model assumptimmghe southern rock so2areamodel alternatives.
Model Number 21.0 21.1 213
S8 version

Model dimensions

Start and end year 1977, 2021
Data (Central and western GOA split)
Fishery catch 1977-2021 (97% Central, 3% West)
Survey biomass 1996-2001 (triennial), 2003-2021 (biennial)
Fishery length composition 1977-2021
Survey CAAL 1977-2019
Growth
Central
L at Amin (female, male) Estimated Estimated 18 86, 18 63
L_at Amax (female, male) Estimated Estimated 51.43,39.858
K (female, male) Estimated Estimated 0.1658,0.2199
CV young (female, male) Estimated Estimated 016,019
CV_old (female, male) Estimated Estimated 0.09, 0.04
West
L at Amin (female, male) Estimated Estimated 17.68,17.82
L _at Amax (female, male) Estimated Estimated 48.67,39.15
K (female, male) Estimated Estimated 0.1553,0.1983
CV _young (female, male) Estimated Estimated 0.13,0.17
CV old (female, male) Estimated Estimated 013,008
Natural mortality 0.2 (female), Estimated (male) for both areas
Maturity Fixed input (same for both areas)
Stock-recruitment
Ln(RO) Estimated
Steepness 1
Op 06
R1 offset* Estimated
Recruitment devs Estimated (1977-2021)
Catchability 1 (both areas)
Selectivity Double normal (same assumptions for central and western area)
P1: Peak (Fem) Estimated
P2: top (Fem) Estimated, prior~N(0,5)
P3:Ascend width (Fem) Estimated
P4: Descend width (Fem) Estimated, prior-N(0.5) 0 0
P5:Selex first bin (Fem) Estimated 10 -10
P6: Selex last bin (Fem) Estimated, prior~N(0,5) 10 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) 0
P4: Selex last bin (Male) 0
P5: Scale (Male) 1
Survey Double normal (same assumptions for central and western area)
P1: Peak (Fem) Estimated
P2: top (Fem) 0
P3:Ascend width (Fem) Estimated
P4: Descend width (Fem) 0
P5:Selex first bin (Fem) -10
P6: Selex last bin (Fem) 10
P1: Peak (Male) Estimated
P2: Ascend width (Male) Estimated
P3: Descend width (Male) 0
P4: Selex last bin (Male) 0
P5: Scale (Male) 1
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Table 4.1. AIC results comparing growth models externally estimated from the assessmentNiRiglel.
is northern rock sole and SRS is southern rock sole.

Species Sex model rss AIC Delta AIC
NRS Female Gr owt I 52659.9 16395.1 -
vbK = 53165.0 16420.2 25.2
t0 = 53256.3 16425.1 30.0
Lb = 53258.7 16425.2 30.2
Growth = 72864.6 17313.3 918.2
NRS Male Gr owt F 23270.6 10803.3 -
vbK = 23298.6 10803.7 0.5
t0 = 23316.7 10805.3 2.0
Lb = 23668.6 10836.0 32.7
Growth = 28958.4 11245.1 441.8
SRS Female t0 = 57082.5 20420.7 -
Gr owt F 57069.1 20421.8 11
vbK = 57103.5 20422.0 1.3
Lb = 57479.0 20446.0 25.3
Growth = 63012.7 20777.7 357.1
SRS Male t0 = 22945.2 11434.5 -
Gr owt F 22935.9 11435.6 11
Lb = 22957.6 11435.7 1.2
vbK = 22965.3 11436.4 19
Growth = 23804.6 11511.6 77.1
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Table 4.2. Root mean square error from model fit to the northern rock sole models.

Model All GOA Central West
17.1 0.27 - -
17.1a 0.27 - -
17.1b 0.27 - -
17.1c 0.27 - -
210 - 0.35 0.26
21.1 - 0.35 0.27
21.2 - 0.35 0.27
21.3 - 0.36 0.26

Table 413. Total likelihood and likelihood components for the northern rock sole models.

NORTHERN ROCK SOLE

Model Age_comp Length_comp Survey Total Npars
17.1 780.17 527.73 -9.40 1296.47 92
17.1a 780.18 527.70 -9.40 1296.43 90
17.1b 786.63 558.05 -8.14 1333.94 90
17.1c 786.63 558.04 -8.14 1333.87 88
21 628.81 556.17 -15.61 1174.54 116
211 624.64 569.99 -14.55 1184.61 112
21.2 624.64 569.97 -14.55 1184.54 108
21.3 736.50 605.82 -14.75 1332.56 92
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Table 4.14. Biological parameter estimates for northern rock sole by model, sex, and area. *Female
natural mortality (M) was not estimated and fixed to 0.2.

Model Sex Area L _a Amin Linfinity K t0 CVmin CVmax M*

External Female All GOA 15.63 4514  0.2007 0.213 - - -

17.1 Female All GOA 10.83 4251  0.2383 1.10 0.18 0.17 0.200
17.1a Female All GOA 10.82 42.48  0.2387 1.10 0.18 0.17 0.200
17.1b Female All GOA 10.22 48.06 0.1832 1.03 0.27 0.10 0.200
17.1c Female All GOA 10.22 48.06 0.1832 1.03 0.27 0.10 0.200
External Male All GOA 15.55 38.49 0.2310 0.094 - - -

17.1 Male  All GOA 10.86 37.60 0.2679 1.06 0.17 0.14 0.253
17.1a Male  All GOA 10.86 3759 0.2679 1.06 0.17 0.14 0.253
17.1b Male  All GOA 10.48 39.92 0.2430 1.08 0.21 0.10 0.239
17.1c Male  All GOA 10.48 39.92 0.2430 1.08 0.21 0.10 0.239
External Female Central 15.73 50.29 0.2039 0.49 - - -

21 Female Central 10.37 49.61 0.2364 1.34 0.23 0.09 0.200
21.1 Female Central 10.38 50.38 0.2250 1.31 0.23 0.08 0.200
21.2 Female Central 10.38 50.38  0.2250 1.31 0.23 0.08 0.200
21.3 Female Central 15.73 50.29  0.2039 0.49 0.20 0.09 0.200
External Male Central 15.99 41,92 0.2315 0.26 - - -

21 Male Central 10.91 39.97 0.3145 1.32 0.18 0.11 0.228
21.1 Male Central 10.95 41.27 0.2849 1.25 0.20 0.08 0.232
21.2 Male Central 10.95 41.27  0.2849 1.25 0.20 0.08 0.232
21.3 Male Central 15.96 41,92 0.2315 0.26 0.20 0.08 0.229
External Female West 15.60 4547  0.1500 -0.47 - - -

21 Female West 10.42 39.50 0.2389 1.05 0.19 0.10 0.200
21.1 Female West 10.07 40.40 0.2273 1.07 0.22 0.08 0.200
21.2 Female West 10.07 40.40 0.2273 1.07 0.22 0.08 0.200
21.3 Female West 15.60 45.47 0.1500 -0.47 0.20 0.08 0.200
External Male West 14.97 37.72 0.2078 -0.10 - - -

21 Male  West 9.62 33.12 0.3454 1.34 0.18 0.09 0.256
21.1 Male  West 9.37 33.36 0.3423 1.37 0.20 0.08 0.254
21.2 Male  West 9.37 33.36  0.3423 1.37 0.20 0.08 0.254
21.3 Male  West 14.97 37.72 0.2078 -0.10 0.20 0.08 0.264
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Table 4.5. Parametecorrelation tables for northern rock sole modgl&7.1,b) 17.1c, anat) 21.0.

a)Model 17.1
Model 17.1
Number|Parameter name value std.dev| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15 16 17 18 19 20 21 | 22 23 24 25
1 L_at_Amin female 10.83 0.42 1
2 L_at_Amax female 4251 087 (005 1
3 K female 0.24  0.01 1
4 CV min female 0.18  0.02 0.23 -0.12 1
5 CV max female 0.17 001 |0.26 o.28 [l0E7 1
6 M male 0.25 001 |0.08 028 -0.12 0.27] 1
7 L_at_Amin male 10.86 0.43 [0.04 -0.11 0.04 -0.02 0.03[0.00 1
8 L_at_Amax male 37.60 0.82 |0.02 022 -0.20 0.02 -0.03|0.22 0.11 1
9 K male 0.27 0.02 |-0.05 -0.03 0.08 0.02 -0.02|-0.17 1
10 CV min male 0.17 002 |0.00 0.10 -0.07 0.02 -0.01| 0.05 023 -0.11 1
11 CV max male 0.14 001 |-0.01 0.20 0.15 -0.02 0.04|-0.15 0.17 0.q0 [F00EE 1
12 RO 11.71 007 |0.13 [P0M8) 0.10 -0.14 0.34 |G 0.09 -0.03 -0.12 -0.03 0.07| 1
13 SR_regime 0.07 0.3 [0.00 -0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00|-0.05 1
14 |initF 0.05 001 [0.00 -0.27 0.20 -0.03 0.03|0.20 0.08 -0.18 0.04 -0.08 0.14&_ 1
15 Size_DbIN_peak_Fishery(1) 5234 254 |-0.09 -0.63 Gl -0.04 0.01 0.16 -0.31 0.03 -0.15 0.26 0.00 039] 1
16 Size_DbIN_top_logit_Fishery(1) | 0.37 0.82 |-0.02 0.05 -0.02 0.03 -0.05|-0.03 0.00 0.06 -0.04 0.01 -0.01(-0.04 0.00 -0.04/-0.07 1
17 Size_DbIN_ascend_se_Fishery(1} | 574 0.14 |-0.22 -0.48 0.52 0.06 -0.15 0.12 -0.28 0.06 -0.13 0.22|0.31 0.01 0.35 Ml 0.05 1
18 Size_DbIN_descend_se_Fishery(1) | -0.10  6.42 |-0.04 -0.07 0.08 0.02 -0.05|0.07 0.02 -0.03 -D.01 -0.02 0.04 [0.05 0.00 0.05|0.13 0.05 0.13 1
19 Size_DbIN_end_logit_Fishery(1} | 0.87 3.41 |-0.03 -0.03 0.04 0.03 -0.06|0.03 0.01 -0.02 0.00 -0.01 0.02 [0.02 0.00 0.02|0.06 -0.15 0.07 -0.08 1
20 Sz5el_Male_Peak_Fishery(1) -13.42 198 |0.13 0.52 [l08 0.00 0.05 -0.14 0.00 0.19 0.06 -0.12|H0M8] -0.01 -0.30 0.02 -0.13 -0.06 1
21 Sz5el_Male_Ascend_Fishery(1) | -1.01  0.15 |0.20 0.23 -0.33 -0.09 0.17 0.17 -0.19 0.31 0.03 -0.04|-0.21 -0.01 -0.14 -0.03 -0.10 -0.0- R :
22 Size_DbIN_peak_survey(2) 36.84 172 |0.12 044 0.22 0.18 0.27|0.46 0.07 -0.01 0.10 -0.02 0.06|0.52 0.00 0.10|0.37 -0.03 0.26 0.04 0.02 -0.35 -0.19] 1
23 Size_DbIN_ascend_se_Survey(2) | 5.0 0.20 |0.00 -0.32 0.23 -0.10 0.15|0.23 0.04 -0.03 -0.05 -0.02 0.05|0.33 0.00 0.07|0.28 -0.02 0.22 0.04 0.02 -0.27 -0.16 1
24 [szSel_Male_Peak_Survey(2) -6.85 1.87 |-0.08 0.37 -0.21 0.15 -o.zzF 0.00 -0.09 0.12 -0.05 0.05F 0.00 -0.09|-0.31 0.02 -0.22 -0.04 -D.01 0.33 0.20 1
25 SzSel_Male_Ascend_Survey(2) | -0.79  0.27 |0.00 0.24 -0.18 0.07 -0.11|-0.28 -0.05 -0.08 0.12 -0.02 0.03 |-0.24 0.00 -0.06|-0.21 0.01 -0.17 -0.03 -0.01 0.24 0.17 1
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Table 4.15. continued
b) Model 17.1c

Model 17.1c
Number|Parameter name value std.dev| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1 L_at_Amin female 10.22 0.46
2 L_at_Amax female 48.06 0.49
3 K female 0.18 0.01 1
4 CV min female 0.27 0.02 013 1
5 - - -
b M male 0.24 0.01 |0.15 0.04 -0.35 0.06 1
7 L_at_ Amin male 10.48 0.45 |0.05 0.03 -0.07 -0.01 -0.11 1
8 L_at_Amax male 39.92 0.44 |(0.06 0.05 -0.14 0.00 0.14 1
9 K male 0.24 0.01 |-0.08 -0.07 0.18 0.02 0.10 1
10 CV min male 0.21 0.02 |-0.02 -0.01 0.02 0.02 0.01 -0.29 0.23 1
11 - - -
12 RO 11.57 0.06 |0.11 0.01 -0.34 0.07 - 0.02 0.11 -0.13 0.00 1
13 SR_regime -0.07 0.13 |0.00 -0.02 0.02 0.00 0.00 0.00 -0.01 0.01 0.00 -0.08 1
14 init_F 0.04 0.01 |0.04 0.01 -0.04 -0.01 0.04 0.03 0.02 -0.04 -0.01 -0.13 1
15 Size_DbIN_peak_Fishery(1) 43.70 1.25 | 0.20 -0.17 -0.18 -0.06 0.10 0.19 -0.24 -0.03 0.29 -0.01 0.11 1
16 Size_ DbIN_top_logit Fishery(1) 0.02 4.66 |0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00|0.00 1
17 Size DbIN_ascend_se Fishery(1) | 5.26 0.11 |0.06 -0.27 0.03 -0.02 0.07 0.12 -0.16 -0.02 0.17 0.00 0.00 |JB8 0.o0 1
18 - - -
19 - - -
20 Sz5el_Male_Peak_Fishery(1) -8.36  1.20 |-0.14 0.21 0.05 0.06 - 0.02 -0.27 0.17 -0.03 -0.23 0.00 -0.06 0.00 1
21 SzSel_Male_Ascend_Fishery(1) -0.81 0.14 |0.00 0.22 -0.09 0.01 -0.29 -0.04 -0.27 0.18 0.00 -0.11 0.00 -0.03 0.00 - 1
22 Size_DbIN_peak_Survey(2) 33.35 1.65 |(0.17 0.08 -0.24 -0.06 0.25 0.02 0.11 -0.11 0.00 0.32 -0.01 -0.02(0.21 0.00 0.12 -0.16 -0.07| 1
23 Size_DbIN_ascend_se_Survey(2) 4.77 0.23 | 0.07 0.01 -0.10 -0.03 0.15 0.01 0.06 -0.06 0.01 0.19 0.00 -0.02(0.13 0.00 0.08 -0.10 -0.05 1
24 Sz5el_Male_Peak Survey(2) -4.02 1.86 |-0.14 -0.04 0.16 0.06 -0.25 0.07 -0.06 0.00 -0.05 -0.19 0.00 0.00 (-0.15 0.00 -0.09 0.15 0.08 1
25 Sz5el_Male_Ascend Survey(2) -0.51 0.30 (-0.05 0.00 0.06 0.03 -0.13 0.00 -0.06 0.04 -0.02 -0.11 0.00 0.00 (-0.09 0.00 -0.06 0.09 0.06 1
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Table 4.15. continued

c) Model 21.0

NumbgParameter name value std.de 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1 L_at_Amin female 1 10.37 0.61| 1.00

2 L_at_Amax female 1 49.61 0.68 | 0.36 1.00

3 K female 1 0.24 0.01 1.00

4 CV min female 1 0.23  0.02 -0.17 0.28 1.00

5 CV max female 1 009 001| 0.10 029 -0.35 1.00

6 L_at_Amin female 2 10.42 0.81| 0.00 001 -0.01 0.00 0.00 1.00

7 L_at_Amax female 2 39.50 0.93| 0.00 001 -0.01 0.00 0.00| 0.11 1.00

8 K female 2 024 0.02| -0.01 -0.02

9 CV min female 2 019 0.03 0.00 0.00

10 CV max female 2 010 0.01| 0.00 0.00

11 M male 1 0.23 0.01 0.13 0.07 . . . . . . . 1.00

12 L_at_Amin male 1 10.91 0.65 0.07 0.06 -0.10 -0.04 0.00 0.01 0.00 -0.01 0.00 0.00 | -0.14 1.00

13 L_at_Amax male 1 39.97 0.60| 0.06 013 -0.17 -0.05 -0.02| 0.00 0.01 -0.01 0.00 0.00 0.19 0.34 1.00

14 K male 1 031 0.02| -0.10 -0.16 023 0.09 002| -001 -001 002 000 000| 0.12 1.00

15 CV min male 1 0.18 0.02| -0.04 -0.03 006 0.04 0.00| 0.00 0.00 000 000 0.00| 0.12 -0.13  0.28 1.00

16 CV max male 1 011 0.01| 0.01 -003 003 0.00 0.02]| 0.00 0.00 001 000 0.00| -0.25 0.08 029 -0.29 1.00

17 M male 2 026 0.01| 0.00 0.01 -0.01 0.00 0.00| 0.13 -0.32 0.08 -0.17 0.28| 0.01 0.00 001 -0.01 0.00 0.00| 1.00

18 L_at_Amin male 2 9.62 0.90| 0.01 0.01 -0.01 0.00 0.00 0.02 -0.04 0.00 -0.02 0.04 0.00 0.00 0.01 -0.01 0.00 0.00 0.02 1.00

19 L_at_Amax male 2 33.12 0.66 0.00 0.01 -0.01 0.00 -0.01| 0.03 -0.03 -0.01 -0.03 0.05 0.01 0.00 0.01 -0.01 0.00 0.00 0.29 0.29 1.00

20 K male 2 035 0.03| -0.01 -0.02 0.02 0.00 0.01| -0.04 0.08 0.00 0.05 -0.08| -0.01 -0.01 -0.02 0.02 000 0.01| -0.20 1.00

21 CV min male 2 0.18 0.03 0.00 0.00 0.00 0.00 0.00| -0.01 0.02 0.00 0.01 -0.02| 0.00 0.00 0.00 0.00 0.00 0.00 0.02 -0.08 0.26 1.00

22 CV max male 2 0.09 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | -0.15 0.22 -0.30  0.07 - 1.00

23 Rec Dist 1.01 0.13| -0.02 0.06 0.03 0.02 -0.05| 0.17 - 0.16 -023 037 -0.11 0.01 0.04 -0.03 -0.01 0.01 0.08 009 -0.18 -0.04 -0.01| 1.00

24 RO 11.69 0.09| 0.02 -0.01 -0.04 -001 000| 0.17 0.16 -022 0.38| 0.06 0.01 002 -0.02 0.00 -0.02| 0.66 0.08 010 -019 -004 -0.01 - 1.00

25 SR_regime -0.02 0.13| 0.00 -0.02 001 0.00 0.00| 0.00 -0.01 0.01 0.00 0.01]| 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00| 0.01 -0.05 1.00

26 init_F[1] 0.10 0.03| 0.03 0.08 -0.07 -0.03 0.00 | 0.00 0.01 -0.01 000 -0.01| 0.02 0.02 005 -0.05 -0.02 0.00| 0.00 0.00 0.00 0.00 0.00 0.00| 0.05 -0.05 1.00
27 init_F[2] 0.00 0.00| -0.01 0.01 0.00 0.00 0.00]| -001 -0.33 024 -0.04 0.06| 0.00 0.00 0.00 0.00 0.00 0.00]| -0.04 -0.02 -0.07 006 0.01 -0.01| -0.01 -0.03 0.36  1.00
Number |Parameter name | 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49
23 Rec Dist 1.00

24 RO 1.00

25 SR_regime 0.01 -0.05 1.00

26 init_F[1] 0.05 -0.05 1.00

27 init_F[2] 001 -0.03 036 1.00

28 Size_DbIN_peak_Fishery(1) 002 005 000 011 -001 | 1.00

29 Size_DbIN_top_logit_Fishery(1) 001 -002 000 -004 000 | -038 1.00

30 Size_DbIN_ascend_se_Fishery(1) 0.01 0.04 0.00 -0.35 1.00

31 Size_DbIN_descend_se_Fishery(1) 0.00 0.00 0.00 -0.24  -0.02 1.00

32 Size_DbIN_end_logit_Fishery(1) 001 000 0.0 004 -0.06 -0.08 1.00

33 SzSel_Male_Peak_Fishery(1) 0.03 -004 0.0 0.30 002 006 1.00

34 SzSel_Male_Ascend_Fishery(1) 0.02 002 0.0 0.22 001 003 [NGEEN 100

35 Size_DbIN_peak_Fishery(2) 028 027 0.0 000 000 000 000 000 000 | 1.00

36 Size_DbIN_top_logit_Fishery(2) 000 000 000 000 000 | 000 000 000 000 000 000 000 | 000 1.00

37 Size_DbIN_ascend_se_Fishery(2) 0.19 0.19 0.00 0.00 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

38 Size_DbIN_descend_se_Fishery(2) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

39 Size_DbIN_end_logit_Fishery(2) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

40 SzSel_Male_Peak_Fishery(2) -0.30 -0.30 0.00 0.00 -0.14 | -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

41 SzSel_Male_Ascend_Fishery(2) 022 022 000 000 -024| 000 000 000 000 000 000 0.00 0.00 000 o000 [GEEN 100

42 Size_DbIN_peak_Survey(1) -0.01 0.02 0.00 0.01 0.00 0.11 -0.04 0.07 0.00 -0.01 -0.08 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

43 Size_DbIN_ascend_se_Survey(1) -0.01 0.02 0.00 0.01 0.00 0.06 -0.02 0.04 0.00 -0.01 -0.04 -0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

44 SzSel_Male_Peak_Survey(1) 0.02 -0.01 0.00 0.00 0.00 -0.04 0.02 -0.02 0.00 0.01 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

45 SzSel_Male_Ascend_Survey(1) 0.01 0.00 0.00 0.00 0.00 -0.01 0.01 -0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

46 Size_DbIN_peak_Survey(2) 0.00 -0.01 0.04 0.03 -0.01 0.02 0.00 0.00 -0.01  -0.01 0.29 0.00 0.22 0.00 0.00 -0.28 -0.22 0.01 0.00 0.00 0.00 1.00

47 Size_DbIN_ascend_se_Survey(2) 0.00 -0.01 0.04 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.25 0.00 0.20 0.00 0.00 -0.23 -0.18 0.00 0.00 0.00 0.00 1.00

48 SzSel_Male_Peak_Survey(2) 0.00 0.01 -0.03 | -0.02 0.01 -0.01 0.00 0.00 0.01 0.00 -0.26 0.00 -0.19 0.00 0.00 0.26 0.19 0.00 0.00 0.00 0.00 1.00
49 SzSel_Male_Ascend_Survey(2) 0.00 0.00 -0.02 | -0.01 0.00 -0.01 0.00 0.00 0.01 0.00 -0.19 0.00 -0.15 0.00 0.00 0.19 0.15 0.00 0.00 0.00 0.00 1.00
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Table 4.16. The estimated proportiomatthern rock solabundance in the western Gulf of Alaska. On
average since 19963% of survey biomass is in the western Gulf.

Model Rec Dist gm2 Proportion
17.1 - -
17.1a - -
17.1b - -
17.1c - -
210 1.01 0.73
21.1 0.96 0.72
21.2 0.96 0.72
21.3 0.81 0.69
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Table 417. Spawning biomass (SSB) and associated CV estimates from the northern rock sole
assessment models.

Year

17.1
S5B CV

17.1a
S5B CV

17.1b
S5B CV

17.1c
S5B CV

21
S5B

211
S5B CV

21.2
S5B CV

21.3
55B

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2000
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

42,282 0.2
41.793 0.2
41.310 0.2
40,774 0.2
40.243 0.2
39.566 0.2
39,922 0.2
40,502 0.2
42,001 0.2
44.018 0.2
45.171 0.2
45.499 0.2
45.550 0.1
44.901 0.1
44,800 0.1
45.604 0.1
46.646 0.1
47.813 0.1
48.414 0.1
47.286 0.1
45,157 0.1
43.442 0.1
42,130 0.1
41.238 0.1
40.749 0.1
41.475 0.1
42.842 0.1
45347 0.1
48.773 0.1
51.639 0.1
51.028 0.1
47.593 0.1
43.553 0.1
41.052 0.1
40.701 0.1
40,505 0.1
39.032 0.1
36.274 0.1
33.825 0.1
33.087 0.1
34,667 0.1
37.833 0.1
39.869 0.1
40,611 0.1
41.806 0.1

42,316 0.2
41.827 0.2
41.344 0.2
40,807 0.2
40,276 0.2
39.598 0.2
39.953 0.2
40,534 0.2
42,124 0.2
44.051 0.2
45,203 0.2
45,530 0.2
45.579 0.1
44,929 0.1
44,829 0.1
45.634 0.1
46.680 0.1
47.850 0.1
48.449 0.1
47.319 0.1
45,188 0.1
43.472 0.1
42,158 0.1
41.264 0.1
40,778 0.1
41.507 0.1
42.879 0.1
45,388 0.1
48.816 0.1
51.684 0.1
51.071 0.1
47.632 0.1
43.589 0.1
41,087 0.1
40.737 0.1
40.542 0.1
39.067 0.1
36.306 0.1
33.855 0.1
33.118 0.1
34,701 0.1
37.873 0.1
39.910 0.1
40,650 0.1
41.845 0.1

39.962 0.2
39.476 0.2
38,999 0.2
38.455 0.2
37.930 0.2
37.244 0.2
37.654 0.2
38.128 0.2
39.569 0.2
41.414 0.2
42,649 0.2
43.017 0.1
43.239 0.1
42.684 0.1
42,435 0.1
42.894 0.1
43.452 0.1
44,067 0.1
44,707 0.1
43.833 0.1
41.881 0.1
40,380 0.1
39.493 0.1
39.038 0.1
38.630 0.1
39.372 0.1
40.582 0.1
42,709 0.1
45,572 0.0
47.733 0.0
47.020 0.0
44.001 0.0
40,466 0.1
38.278 0.1
38.071 0.1
37.938 0.1
36.768 0.1
34433 0.1
32.394 0.1
31.885 0.1
33.247 0.1
35.982 0.1
37.887 0.1
38.791 0.1
40,096 0.1

39.960 0.2
39.474 0.2
38,997 0.2
38.453 0.2
37.928 0.2
37.242 0.2
37.651 0.2
38.126 0.2
39.566 0.2
41.411 0.2
42,646 0.2
43.014 0.1
43.237 0.1
42.682 0.1
42,434 0.1
42,893 0.1
43.452 0.1
44,067 0.1
44,708 0.1
43.834 0.1
41.883 0.1
40,382 0.1
39.494 0.1
35.040 0.1
38.631 0.1
39.373 0.1
40.583 0.1
42,710 0.1
45,572 0.0
47.733 0.0
47.020 0.0
44.001 0.0
40.465 0.1
38.277 0.1
38.069 0.1
37.936 0.1
36.766 0.1
34431 0.1
32,392 0.1
31.882 0.1
33.244 0.1
35.980 0.1
37.884 0.1
38.787 0.1
40,093 0.1

40.874
40.698
40,563
40,382
40.262
40,027
40.668
40.975
41.734
42,729
43.551
43.607
43.940
43.888
44,272
45.505
47.093
48.616
49,501
48.684
46.609
44,571
42,994
42,112
41.453
41.153
41.459
43.855
47.548
51.836
52.645
49.632
45.216
42,060
41.056
40.658
39.096
35.976
32.860
31.242
31.987
34.532
35.466
34.919
34.447

2]39.778
2]39.588
2139435
2139232
2] 39.088
2]38.828
2(39.461
2]39.762

0.24
0.24
0.24
0.24
0.24
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.14
0.13
0.11
0.10
0.09
0.08
0.08
0.07
0.07
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.07
0.07
0.07
0.07
0.08
0.08
0.08
0.09
0.09

40.514
41.502
42,321
42,367
42.680
42,572
42,822
43.820
45,109
46,319
47.105
46.310
44,328
42.459
41.152
40.508
39.860
39.596
39.973
42,343
45,966
50,034
50.698
47.796
43.677
40.860
40.097
39.800
38,322
35.350
32.436
31.070
31.992
34.438
35.354
34.903
34.605

39.777 0.2
39.586 0.2
39433 0.2
39,230 0.2
39.08¢ 0.2
38.826 0.2
39.459 0.2
39.760 0.2
40.512 0.2
41.499 0.2
42,319 0.2
42.364 0.2
42,677 0.2
42.569 0.2
42.819 0.1
43.817 0.1
45,106 0.1
46,318 0.1
47.104 0.1
46.310 0.1
44.328 0.1
42.459 0.1
41.153 0.1
40.509 0.1
39.861 0.1
39,598 0.1
39.974 0.1
42344 0.1
45,967 0.1
50,035 0.1
50.700 0.1
47.797 0.1
43.678 0.1
40.861 0.1
40,097 0.1
39.800 0.1
38.321 0.1
35.350 0.1
32436 0.1
31.06% 0.1
31.992 0.1
34437 0.1
35.353 0.1
34902 0.1
34,604 0.1

39.583
39.429
39.315
39.159
39.004
38.862
39.475
39.705
40,345
41.220
41.953
41.974
42.274
42,197
42,495
43.546
44,913
46,225
47.076
46.426
44.660
43.006
41,789
40.995
40,293
40,289
40.309
42,144
45.711
48.944
49.544
46.934
42,961
39.885
38.949
38.514
37.457
34.896
32.087
30,245
30.187
32.024
33,288
32.974
32,023
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Table 418. Estimates oage0 recruitsand associated CVs from the northern rock sole assessment
models.

17.1 17.1a 17.1b 17.1c 21 21.1 21.2 21.3
Year Rec CV| Rec CV| Rec CV| Rec CV| Rec CV| Rec CV| Rec CV| Rec CV
1977 | 113,697 0.5 113,829 0.5| 97.413 0.5| 97.403 0.5 | 115,078 0.6(110,247 0.58|110.238 0.6 96,443 0.6
1978 | 126,293 0.5(126.439 0.5|107.939 0.5|107.927 0.5 | 118,343 0.6(113,088 0.58|113,078 0.6 99,337 0.6
1979 | 141,723 0.5 141.884 0.5|120.941 0.5|120.928 0.5 | 119,178 0.6(113,638 0.57|113.628 0.6| 100,342 0.6
1980 | 99,767 0.5 99,877 0.5| 85.679 0.5| 85,671 0.5 113,801 0.6(108,460 0.56|108.450 0.6 96,031 0.6
1981 | 120,146 0.5{120.279 0.5|102.451 0.5|102.443 0.5 | 110,916 0.6|105,647 0.55|105,638 0.6 93,523 0.6
1982 | 98.474 0.5 98,586 0.5| 83.987 0.5| 83,981 0.5 |111,572 0.6(105.,817 0.54|105.808 0.5| 94,122 0.5
1983 | 90,015 0.5 90,116 0.5| 77.405 0.5| 77.400 0.5 | 110,706 0.5(104,717 0.54|104,709 0.5| 93,086 0.5
1984 | 114,859 0.4| 114,984 0.4| 97.207 0.4| 97,203 0.4 | 127,328 0.6(120,188 0.54|120,180 0.5| 106,286 0.6
1985 | 144,297 0.4|144.452 0.4|120.920 0.4|120.918 0.4 | 157,124 0.5(146,158 0.54|146.151 0.5| 131,624 0.5
1986 | 133,782 0.4{ 133,934 0.4|113.698 0.4|113.697 0.4 | 158,222 0.6|147,955 0.56| 147,950 0.6| 132,527 0.6
1987 | 187,914 0.3 188,119 0.3| 156,387 0.3|156.391 0.3 |212,947 0.4|197,299 0.44|197.305 0.4| 180,774 0.4
1988 | 107,658 0.3{107.776 0.3| 92.214 0.3| 92,216 0.3 | 121,837 0.5(114,163 0.48|114.168 0.5| 104,635 0.5
1980 | 84,262 0.3| 84,354 0.3| 70,938 0.3| 70,938 0.3 | 102,705 0.4| 95433 0.43| 95440 0.4| 87,637 0.4
1990 | 86,610 0.3| 86,706 0.3| 73.193 0.3| 73,194 0.3 |102.935 0.4| 97.278 0.38| 97.287 0.4| 88361 0.4
1991 | 100,654 0.2{ 100,772 0.2| 86.913 0.2| 86,913 0.2 | 102,110 0.3| 97.276 0.33| 97.285 0.3| 89,763 0.3
1992 | 79.437 0.2 79.530 0.2| 69.924 0.2| 69,922 0.2 | 82,965 0.3| 81,053 0.32| 81,057 0.3| 74,5547 0.3
1993 | 74,154 0.3| 74.231 0.3| 69.258 0.2| 69,254 0.2 | 84.431 0.3| 85.635 0.29| 85.635 0.3| 72,168 0.3
1994 | 117,902 0.2{ 118,060 0.2|102.271 0.2|102.266 0.2 | 136,181 0.2|125,667 0.21|125.669 0.2| 102,171 0.2
1995 | 127,131 0.2{127.302 0.2 114,822 0.2| 114,814 0.2 | 111,249 0.2(105,726 0.20| 105,727 0.2| 115,808 0.2
1996 | 139,839 0.2{ 140,034 0.2|125.265 0.2|125.253 0.2 | 113,208 0.2(111,920 0.19|111,916 0.2| 89,376 0.2
1997 | 156,105 0.2{ 156,312 0.2| 130,019 0.2| 130,010 0.2 | 190,836 0.2(181,730 0.14|181,725 0.1| 134,868 0.2
1998 | 157,746 0.2{157.920 0.2|132.677 0.2|132.669 0.2 | 151,290 0.2|146,864 0.17|146,862 0.2| 167,797 0.1
1999 | 207,256 0.1{207.465 0.1|165.085 0.1|165.075 0.1 |266,041 0.1[252,705 0.13|252,714 0.1| 182,189 0.1
2000 | 94.816 0.2| 94,950 0.2| 76,278 0.2| 76,270 0.2 | 141,792 0.2{129,503 0.18| 129,506 0.2| 133,670 0.2
2001 | 50,972 0.2| 51,054 0.2| 43,927 0.2| 43,921 0.2 | 63.294 0.2| 59.257 0.22| 59.255 0.2| 56,550 0.2
2002 | 47.299 0.2| 47.367 0.2 42,669 0.2| 42,662 0.2 | 43.804 0.2| 43.697 0.24| 43.694 0.2| 40,032 0.2
2003 | 86.969 0.2| 87,005 0.2| 78,330 0.2| 78,318 0.2 | 86.906 0.2| 89.054 0.18| 89.047 0.2| 57,062 0.2
2004 | 118,065 0.2| 118,225 0.2|104,939 0.2[104,923 0.2 | 110,692 0.2| 110,430 0.17|110.424 0.2| 100,745 0.2
2005 | 118.368 0.2| 118,534 0.2| 99.493 0.2| 99.480 0.2 | 135,609 0.2|130.629 0.16|130.622 0.2| 101,121 0.2
2006 | 64.547 0.2| 64,638 0.2| 55473 0.2| 55466 0.2 | 74.575 0.2| 70.192 0.20| 70.191 0.2 80,422 0.2
2007 | 46.275 0.2| 46,348 0.2| 42,202 0.2| 42,196 0.2 | 47.052 0.2| 45,928 0.22| 45.926 0.2| 43,900 0.2
2008 | 45.979 0.3| 46,046 0.3| 41,455 02| 41,449 0.2 | 36.478 0.3| 36.917 0.24| 36.914 0.2| 31,561 0.2
2000 | 73.608 0.2| 73,723 0.2| 69,857 0.2| 69,847 0.2 | 60,095 0.2| 61.832 0.23| 61.827 0.2| 42,860 0.2
2010 | 130.348 0.2/ 130,511 0.2|115,586 0.2[115.570 0.2 |112,731 0.2|119,672 0.20|119.664 0.2| 78,569 0.2
2011 | 170,533 0.2/ 170,783 0.2| 144,749 0.2[144.732 0.2 | 184,980 0.2|173,354 0.18|173.350 0.2| 135,188 0.2
2012 | 122,297 0.2| 122,451 0.2|105,373 0.2[105.358 0.2 | 90,997 0.2| 89.313 0.21| 89.309 0.2| 107,689 0.2
2013 | 73.220 0.3| 73,306 0.3| 66,419 0.3| 66,411 0.3 | 60,509 0.3| 59.653 0.26| 59.651 0.3| 47,669 0.3
2014 | 128.202 0.3/ 128,347 0.3|111,755 0.3[111.737 0.3 | 73.533 0.3| 76.027 0.28| 76.022 0.3| 63,278 0.3
2015 | 130,527 0.4|130,699 0.4|126,949 0.4[126,929 0.4 |123,992 0.3|125.801 0.32| 125,787 0.3| 51,574 0.4
2016 | 238.571 0.4/238.882 0.4|195.707 0.4[195.675 0.4 |183.324 0.3|184.163 0.33| 184,141 0.3| 117,196 0.3
2017 | 184.427 0.5/ 184.472 0.5(180,703 0.5[180.699 0.5 | 255,062 0.3|248.679 0.36|248.683 0.4| 214,679 0.3
2018 | 120,591 0.5|120,696 0.5[101,262 0.6[101.253 0.6 | 98,057 0.5| 95.889 0.51| 95.887 0.5| 108,624 0.5
2019 | 107.878 0.6/ 107,979 0.6| 96,419 0.6| 96,411 0.6 | 109,820 0.6|106.621 0.58| 106,619 0.6| 91,706 0.5
2020 | 117.613 0.6/ 117,752 0.6|102,603 0.6[102,594 0.6 | 118,537 0.6|114.129 0.60| 114,126 0.6| 93,124 0.6
2021 | 121.294 0.6| 121,442 0.6/105,371 0.6] 105,361 0.6 | 119,728 0.6| 115,216 0.60| 115,213 0.6| 101,569 0.6
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Table 4.38. Fishing mortality estimates from the northern rock sole assessment models.

17.1 17.1a 17.1b 17.1c 21 21.1 21.2 21.3
Year F cvV| F cvV| F cvV| F cv| F cv| F cv F CV| F cv
1977 | 0.05 0.2 0.05 0.2| 0.04 02| 004 02 011 03| 011 03] 011 03| 011 0.3
1978 | 0.05 0.2 0.05 0.2| 0.04 02| 004 02 010 03| 010 03] 0.10 03| 010 0.3
1979 | 0.05 0.2 0.05 0.2| 0.04 02| 004 02 011 03| 011 03] 011 03| 011 0.3
1980 | 0.05 0.2 0.05 0.2| 0.04 02| 004 02 010 03| 010 03] 0.10 03| 010 0.3
1981 | 0.06 0.2 0.06 0.2| 0.04 02| 004 02 011 03| 012 03] 012 03| 011 0.3
1982 | 0.02 0.2 0.02 0.2| 001 02 001 02 003 03| 003 03] 003 03| 003 0.3
1983 | 0.04 0.2 0.04 0.2| 003 02| 003 02 007 03| 007 03] 007 03| 007 0.3
1984 | 0.02 0.2 0.02 0.2 002 02 002 02| 004 02| 004 03| 004 03] 004 02
1985 | 0.01 0.2 0.01 0.2 001 02 001 02| 002 02| 002 02| 002 02| 002 02
1986 | 0.01 0.2 0.01 0.2 001 02 001 02| 001 02| 001 02| 001 02| 001 02
1987 | 0.03 0.2 0.03 0.2| 002 0.1, 002 0.1| 005 02| 006 02| 0.06 02| 006 0.2
1988 | 0.01 0.2 0.01 0.2 001 0.1 001 0.1| 003 02| 003 02| 003 02| 003 02
1989 | 0.03 0.2 0.03 0.2| 003 0.1, 003 0.1| 006 02| 006 02| 0.06 02| 006 0.2
19%0 | 0.04 0.2 0.04 0.2| 003 01| 003 01| 008 0.1| 0.08 0.1| 0.08 0.1| 0.08 0.1
1991 | 0.05 0.1 0.05 0.1| 0.04 0.1| 004 0.1, 008 0.1| 009 0.1] ©0.09 0.1| 0.08 0.1
1992 | 0.07 0.1 0.07 0.1| 005 01| 005 0.1| 012 0.1| 012 0.1] ©0.12 0.1| 012 0.1
1993 | 0.08 0.1 0.08 0.1| 0.06 0.1| 006 0.1| 0.14 0.1| 015 0.1] ©0.15 0.1 015 0.1
1994 | 0.03 0.1 0.03 0.1| 0.02 01| 002 01| 006 01| 006 0.1] 0.06 01| 006 0.1
1995 | 0.04 0.1 0.04 0.1 0.03 01| 003 0.1 007 0.1| 008 0.1] ©0.08 0.1| 0.07 0.1
1996 | 0.07 0.1 0.07 0.1| 0.05 01| 005 0.1| 013 0.1| 014 0.1| 0.14 0.1| 013 0.1
1997 | 0.06 0.1 0.06 0.1| 0.05 0.1| 005 0.1, 012 0.1| 012 0.1] ©0.12 0.1 012 0.1
1998 | 0.03 0.1 0.03 0.1| 0.02 01| 002 01| 006 01| 006 01| 0.06 0.1| 006 0.1
1999 | 0.02 0.1 0.02 0.1 0.02 01| 002 01| 004 0.1| 004 01| 0.04 0.1 004 0.1
2000 | 0.06 0.1| 0.06 0.1} 0.05 0.1} 0.05 0.1} 012 0.1} 012 01| 012 0.1| 012 0.1
2001 | 005 0.1 005 0.1} 0.04 0.1} 0.04 0.1} 010 0.1} 011 01| 011 01| 010 0.1
2002 | 006 0.1 006 0.1} 005 0.1} 005 0.1} 012 0.1} 012 01| 012 0.1] 011 0.1
2003 | 0.04 0.1 004 0.1} 003 0.1} 003 0.1} 007 0.1} 007 01| 007 01| 007 0.1
2004 | 002 0.1} 002 0.1} 002 0.1) 002 01| 004 0.1} 004 01| 0.04 01| 0.04 0.1
2005 | 0.04 0.1 004 0.1} 003 0.1} 003 0.1} 007 0.1} 007 01| 0.07 01| 0,07 0.1
2006 | 005 0.1} 005 0.1 0.04 01| 0.04 0.1} 010 0.1} 010 01| 010 01| 011 0.1
2007 | 0.07 0.1 007 0.1} 005 0.1} 005 0.1} 013 0.1} 013 01| 013 01| 013 0.1
2008 | 0.08 0.1| 008 0.1| 0.06 01| 006 0.1] 016 0.1} 016 01| 016 01| 016 0.1
2009 | 0.07 0.1 007 0.1} 006 0.1} 0.06 0.1} 015 0.1} 016 01| 016 01| 016 0.1
2010 | 0.04 0.1 0.04 0.1 003 0.1) 003 0.1] 009 0.1} 009 01| 009 0.1] 0.09 0.1
2011 | 004 0.1 004 0.1 003 0.1} 0.03 0.1| 008 0.1} 009 01| 0.09 0.1| 0.09 0.1
2012 | 0.04 0.1 004 0.1 003 01| 003 0.1) 008 0.1} 008 01| 0.08 0.1| 0.08 0.1
2013 | 005 0.1 005 0.1} 0.04 0.1} 0.04 0.1} 013 0.1} 013 01| 013 01| 013 0.1
2014 | 005 0.1 005 0.1 0.04 01| 0.04 0.1} 012 0.1} 012 01| 012 0.1] 012 0.1
2015 | 004 0.1 004 0.1 003 0.1} 0.03 0.1} 009 0.1} 009 01| 0.09 01| 0.09 0.1
2016 | 0.04 0.1 0.04 0.1 003 0.1} 003 0.1] 009 0.1} 009 01| 009 0.1] 010 0.1
2017 003 0.1 003 0.1 0.02 0.1} 0.02 0.1} 006 0.1} 006 01| 0.06 01| 0.06 0.1
2018 | 0.03 0.1} 003 0.1} 002 0.1} 002 0.1] 006 0.1} 006 01| 006 01| 0.06 0.1
2019 003 0.1 003 0.1} 0.02 0.1} 0.02 0.1} 006 0.1} 006 01| 0.06 0.1 0.06 0.1
2020 | 003 0.1} 003 0.1} 003 0.1} 003 0.1) 008 0.1} 008 01| 0.08 0.1 0.08 0.1
2021 | 001 0.1 001 0.1 0.01 0.1} 001 0.1} 006 0.1] 006 01| 0.06 0.1 0.07 0.1
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Table 422 Numbers at ag@orthern rock solefrom model 21.2) female, central Gulf, b) female,

western Gulf. The sex ratio was assumed 50%, so male estimates are not shown.

Vear 1 2 3 4 5 6 7 o 10 11 12 1 15 16 7 10 20 21 22 23 24 %5 27 28 29
1977 152673 121693 994525 817107 66633 5321.18 4144.93 3164.57 238517 1784.72 133029 989.552 735.255 545031 405.17 300.601 222.962 165.342 122593 90.834 67.3604 50.0255 37.0641 27.4608 203458 15.0742 11.1684 827468 6.13069 4.54222
1978 15660.6 12499.8 9961.65 8136.19 6627.34 5281.84 4104.06 3120.47 2358.58 1765.63 1316.79 979.985 728.443 541.050 401.67 298.078 221.137 164.018 121629 90.1803 66.8546 49.557 36.7986 27.2642 202 14.9662 11.0884 B8.21542 6.08679 4.50969
1079 15736.7 12821.8 10232.3 8149.87 6600.98 5260.53 4084.02 3109.25 23417 1753.4 1308.45 974.379 724.652 538.47 309.888 296.843 220.276 163413 121202 89.877 66.638 49.4015 36.6194 27.1918 20.1464 14.9265 11.050 8.1936 6.07062 4.49771
1980 15019.7 12884.1 104958 8371.02 6609.76 523335 4058.58 3084.82 231852 173439 1204.4 964.442 717.684 533.562 396.408 294.362 218.498 162134 120.279 89.2083 66.1519 49.0472 363605 26.9526 20.0136 14.8281 10.9861 8.1396 6.03062 4.46807
1981f 14630.2 12297.1 10546.9 8586.98 6792.48 5249.15 4050.19 3078.58 231159 1726.26 1287.33 950.353 714.312 531.377 394.988 293.43 217.883 161725 120.005 89.0241 66.027 48.9618 363017 26.9118 19.9486 14.8128 10.9748 8.1312 6.02439 4.46346
1987 146538 11978.2 10066.2 8628.04 6960.38 5374.95 4035.62 3044.75 2283.01 1701.98 1266.6 943.007 702.215 522.662 388.738 288,933 214.633 150.368 118.20 87.7736 651133 48.2927 358109 265512 10.6833 14.5904 10.8341 B.02696 5.94716 4.40623
1083 145015 11097.5 9806.37 8239.47 7042.98 5641.08 4318.87 3221.06 242034 1810.94 1348.66 1003.17 746.707 555.079 413.795 307.758 228.74 169.917 126.166 93.6453 69.4866 515473 38.2312 28.3499 21.0194 155824 115506 B.57684 6.35456 4.70808
1984 16644.1 11872.8 9821.56 8024.6 6702.82 564195 4436.2 8.03 247532 1851.47 1382.22 1028.3 764.505 568.926 423.558 31522 234.436 174241 120.431 96.1034 713316 52.9293 39.2645 29.1213 21.5945 16.0107 11.8693 8.79822 6.53309 4.84035
1985 20241 13627.1 9720.01 8038.91 6546.9 5422.48 4518.22 3524.78 2647.42 1952.41 1458.56 1088.27 809.398 601.68 447.727 333.316 248.056 184.482 137.113 101851 75.6248 56.1315 41.6505 30.8975 22.9157 16.9929 12.5989 9.34003 6.92337 5.14092
1086( 20490.1 165719 111566 7957.11 65719 5333.02 4398.16 3652.49 2843.62 213353 1572.61 1174.54 876.256 651.68 484.425 360.460 268.354 199.71 148526 110389 819997 60.8851 45.1911 335325 24.8754 18.4493 13.6808 10.1433 7.51959 557395
1087 273255 167759 13567.6 91333 65065 5357.52 433176 3562.31 295326 2207.17 172277 1269.58 948.128 707.308 526.02 391011 290.956 216.604 161197 119.884 89.1007 66.1863 49.1436 36.4761 27.0658 20.0782 14.8914 11.0425 8.1872 6.06945
1988 158116 22372.3 13733.7 11103.9 744148 5239.77 425455 3402.73 2779.86 229659 1783.37 1336.39 984.476 735.079 548.324 407.766 303.101 225538 167.901 124952 92.9273 69.0659 513039 38.0932 28.2742 20.9798 155634 11.5429 B.55049 6.34623
1989 13217.8 129454 183161 11242 9069.51 604355 4226.44 341354 27213 2219.39 1832.05 1422.08 106546 784.825 585.98 437.096 325046 241612 179.783 133.839 99.6022 74.0747 55.0542 40.8956 30.3651 22.538 16.7235 12.406 9.20113 6.82297
1000 134736 10821.8 10597.8 14989.3 9154.03 7288.65 4780.98 3302.77 2647.76 210256 171152 141155 109523 820.411 604.250 451139 336.506 250.238 186.004 138.404 103.034 76.6774 57.0253 42.3825 31.4828 23.376 17.3505 12.8743 9.55051 7.08331
1991 134733 110312 8859.02 86718 12187 7319.22 571202 3688.78 2524.23 201355 159508 1296.95 1069.07 829.286 621.121 457.445 341516 254.732 189.426 140.801 104768 77.9939 580424 43.1663 32.0822 23.8314 17.6948 13.1337 9.74538 7.22039
1992 112258 11031 903035 7248.74 7046.83 9726.82 5717.02 4387.37 2804.50 1908.92 1518.77 120166 9765 804.707 624.132 467.431 344.242 256.996 191.687 142.543 105952 78.8373 58.6895 436762 32482 241414 17.9327 133151 9.8829 7.33325
1993 11859.8 9190.93 9029.73 7387.17 5873.3 5568.74 7450.5 4283.28 3240.85 2056.31 1394.55 1107.65 875.681 711.331 586.078 454.518 340.384 250.67 187.136 139578 103.793 77.1484 57.405 42.7344 31.8024 23.6515 17.5783 13.0575 9.69522 7.19612
1004 174043 9710.02 7523.1 738505 5969.38 4599.03 4199.08 5462.06 3080.02 2300.35 1458.62 987.099 783.237 618.913 502.635 414.079 321107 240.464 177.081 132.107 98.6002 733202 54.4982 405512 30.1877 22.4653 16.7074 12.4173 9.22384 6.8487
1995 146424 14249.5 7949.15 6156.86 60159 4804.06 3647.77 3293.06 4254.19 2390.95 1789.03 1129.05 763771 60592 478.754 383.79 320.283 248.367 185.99 136.965 102248 76.2629 567098 42.1518 31.3644 23.3487 17.3758 12.9224 9.60417 7.13418
1996 15499.7 11988.2 11665 6504.67 5007.08 481419 3770.8 2820.46 2523.04 32438 1818.84 1359.46 857.508 579.94 460.026 363456 295147 243136 188.54 141188 103.972 77.6176 57.8916 43.0487 31.9976 238088 17.7241 13.19 9.8094 7.20054
1997] 25167.7 12690.1 9812.97 9541.21 5262.01 3935.38 365516 2786.96 2050.79 1818.83 2328.68 1303.17 973.130 613.550 414.865 320.046 259.956 211092 173.889 134.841 100.974 743576 555097 41.4021 30.7869 22.8835 17.0272 12.6756 9.43299 7.0153
1998 20339.4 206056 10387.7 8027.12 7727.71 415263 30105 272922 205058 1497.29 1322.96 1690.83 945432 705722 444.866 300.771 238.54 188.447 153.022 126052 97.745 73195 53.9008 402381 30.0117 22.3168 16.5878 12.3426 9.18827 6.83778
199 66525 16868.8 850115 65382 621672 3201.35 2358.65 2123.3 1589.44 115849 1022.75 1306.62 730.466 545.208 343.666 232344 184.268 145571 118.205 97.3711 755048 56.5406 41.6365 31.0825 23.1829 17.2389 128135 9.53423 7.09759
2000( 179358 28655 13633 13807.1 6935.60 5289.3 4978.51 2615.00 1865.07 1674.75 1252.13 912.119 805.026 1028.34 574.853 429.047 270.441 182.836 145004 114552 93.0167 76.6221 50.4152 44.4922 32.764 24.4589 18.2428 13.5654 10.083 7.50253
2001 8206.4 14684.6 234561 111521 11184.6 5476.50 4050.51 3722.68 1927.32 1364.13 1220.4 910.857 662.977 584.909 747.016 417.55 311625 196.42 132.791 105312 83.1952 67.5547 55.6477 43.1509 32.3128 23.7951 17.7635 13.2480 9.85194 7.3228
2002 6051.39 6718.83 12020.7 19189.7 904561 8870.49 4228.06 3062.25 2778.81 142907 1008.19 900592 671.683 488.725 431.103 550.534 307.71 229.643 144744 97.8536 77.6042 613059 497804 410061 317973 238109 17.5342 13.0896 9.76201 7.25074
2003 123325 4954.46 5499.86 9833.31 15547.3 714636 6799.5 3165.66 22603 203575 1043.12 734.653 655.723 488.867 355.638 313.676 400.554 223875 167.074 105305 711908 56.4586 44.6011 36216 29.8325 23.1320 17.3227 12.7564 9.52284 7.10262
2004 15203 10097 4055.91 4500.64 800121 12464.1 5628.05 528121 2438.18 1733.19 1557.66 797.34 561.288 500.872 373.377 271607 239.552 305894 170.966 127.588 80.4175 543654 43.1149 34.0599 27.6565 22.7817 17.6656 13.2285 9.74142 7.27214
2005 18090.4 12520.8 8266.17 3319.76 367196 6473.45 998324 4472.69 4177.15 1923.65 1365.78 1226.76 627.79 441.877 394.288 293.915 213799 188.565 240.785 134576 100.431 633002 42.7934 33.9376 26.81 217606 17.9324 13.9053 10.4127 7.66788
2006 9720.93 148111 10250 6764.34 27011 294327 509649 77507 3443.14 320131 1471.07 1043.39 936.737 479.264 337.297 300.954 224.333 163181 14392 183775 102712 76.6512 483122 32.6608 259019 20.4619 16,615 13.6864 10.6128 7.94718
2007 6360.49 7958.83 12124.3 838582 5488.28 2144.42 227656 3862.9 580274 2561.14 237378 1089.2 772.001 692.861 354.431 249.421 222.536 165875 120.657 106.414 135.881 75944 56.6748 357212 24.1489 19.1514 151202 12.2848 10.1194 7.84688
2008 5112.36 5207.53 6514.75 9917.19 6786.55 4319.55 1632.31 1688.43 2820.08 420123 1846.83 1708.49 783.236 554.906 497.917 254.68 179.213 159.89 110178 86.6879 76.4541 97.6249 54.5623 40.7182 25.664 17.3497 13.7503 10.8695 B8.82508 7.27028
2009 8562.60 4185.65 4262.47 5327.77 8006 298.4 3230.34 118637 1204.05 1991.03 205178 1204.62 1196.37 548.183 388.278 348.355 178,168 125368 111848 83.3669 60.6301 5348 68.2883 38.1663 28.4823 17.9518 121361 0.62456 7.60316 6.17372
2010 16572.7 7010.54 3426.05 348592 430242 6255.73 3978.82 2358.73 847.839 852039 140222 2074.19 908.766 839.376 384.51 272.313 244.207 124.942 87.9131 78.431 584587 425212 37.5009 47.8849 267626 10.972 12.588 8.50989 6.7488 5.33138
2011f 24007.8 13568.6 5738.91 2803.22 2831.58 3420.15 4873.89 3045.57 1786.18 638.419 639.823 1051.62 1554.63 680.936 628.852 288.05 203,991 182.999 93,5007 65.8529 58.7499 437892 31.8509 28.0904 35.8685 20.0467 14.9601 9.42008 6.37437 505522
2012 123686 196559 11107.5 469578 2278.07 2260.38 2679.4 374531 2316.78 135154 481.823 482.297 792.258 1170.9 512.780 473.533 216,896 153.508 137.791 70.4691 49.5837 44,2353 32.9707 23.9818 21.1503 27.0068 150939 11.264 7.09949 4.79949
2013 8261.27 10126.6 16090.8 9088.78 3817.25 1820.4 1760.52 206428 2857.6 1758.66 1023.41 364.410 36458 508.73 884.762 387.452 357.778 163.873 116.047 104103 532404 37.461 33.4202 24.0096 18.1184 159792 20.4038 11.4035 8.51003 5.3637
2014 105285 6763.76 8289.26 131621 7358.92 3009.2 1389.79 1317.68 1514.06 2079.31 127473 740453 263.44 263.448 432.56 639.141 279.874 258431 118.366 838207 75193 38.4549 27.0576 24.1388 17.9918 13.0866 11.5415 14.7372 8.23651 6.14661
2015 17420.7 8620.02 5536.66 6781.06 10667.2 5820.04 231121 1043.36 975.626 11129 1522.99 932.126 541.025 192.415 192.386 315852 466.671 204.345 188.685 86.4205 61.1978 54.8985 28.0759 19.7546 17.6236 13.1357 9.55442 B8.42633 10.7595 6.01341
2016{ 256024 14262.9 7056.48 4530.2 5509.31 8507.88 454018 177213 791674 73621 837.555 1144.74 700.215 406.305 144.482 144.45 237.142 350.37 153.417 141659 64.8814 459449 412155 21.0782 14.8309 13.231 9.86166 7.17302 6.3261 8.07775
201 208796 116758 5773.62 3679.63 4390.19 6626.09 347349 1341.18 595.751 552483 627.722 857.429 524.319 304196 108.164 108135 177521 262277 114843 106.04 485676 34.3924 30.8521 157782 111017 9.90414 7.38198 536939 4.73542
2018 13279.7 28197.9 170932 9555.35 470312 2961.06 348162 519537 2704.74 104057 461404 427.54 485575 663.143 405475 235235 836411 83.6177 137. 2.808 88.8028 81996 37.5549 26,5939 23.8564 12.2004 8.58439 7.65836 5.7081 4.15186
2019 14766.1 10872.5 23084.4 13989.1 7785.09 3787.04 2350.96 2734.12 4052.87 210258 807.529 357.785 331.402 376.321 513.80 314.201 182.278 64.8105 64.7918 106.364 157.146 68.8087 635343 20.0993 20.6062 18.485 9.45344 6.65157 5.93403 4.42288
202 .7 12080.5 8900.85 18892.4 11307.0 6260.61 3007.54 1846.87 2133.76 3151.97 1632.45 626.473 277.464 256.958 291.76 398.399 243582 141307 50.2427 502279 82.4555 121.822 53.3415 49.2527 22.5581 159742 14.3298 7.32842 515637 4.60013
2021] 15956.3 12040.6 9896.81 72835 153663 912517 492517 2328.01 141684 162022 240118 1242.27 476.497 210.989 195373 221.82 302.885 185181 107.427 38.1058 38.1844 626843 926113 405511 37.4427 17.149 12.1438 10.8937 557117 3.91995
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Table 4.22 continued

2 3 5 6 8 ) 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 28 25 30
398518 31765.2 25064.1 21349.9 17563.3 14454.3 119012 9794.35 80513 661039 542185 444356 3630.63 2079.77 2438.65 199519 163197 1334.6 109124 892125 729.262 597.164 487.905 398.635 325.697 266.103 217.413 177.632 14513 118.574 96.8777
878.5 32627.9 26007.2 21257.6 174797 143786 11831 9738.22 801148 6583.62 5403.98 443148 3631.37 2074.08 2434.71 199247 1630.00 13333 1090.33 891494 728.821 505766 487.846 398.586 325.657 266.071 217.387 177.61 145112 11856 96.865¢
41077.1 334685 267135 212929 17404.1 14310.2 11769.1 968104 7965.92 655145 5382.48 4417.23 362182 2967.6 2430.3 1989.45 1628.0; 1,80 1089.38 890.845 728.381 595. 6.754 308,579 325.651 266.066 217.383 177.607 145109 118557 96.864
392056 336311 274017 218711 174 2482 11713 9630.24 7918.9 651392 5355.91 4399.41 3609.95 2959.61 2424 985.7 1625.44 133011 1088.15 890.002 727.798 595.064 486.474 307.658 325.621 266.042 217.363 177.501 145.006 118547 96.8557
381888 320088 27534.8 22434.6 17906.4 142719 11662.5 9584.63 7877.74 6475.91 5325.66 4378.00 3505.74 205022 241857 198147 1622.57 1328.16 1086.82 889.105 727.104 594.658 486.202 397.476 324.007 266.049 217.369 177.596 1451 118.55 96.857¢
382504 31266.4 26280.3 225436 18367.7 14659.4 116816 9542.68 7839.65 644138 5293.72 435257 3577.61 2937.09 2410.37 19759 1618.74 132551 1084.97 887.814 726.202 594.025 485756 397.161 324.682 265.403 217.323 177.550 145069 118.525 96.837%
378529 313168 25508.7 215165 18457.1 15037.9 120011 9562.3 7810.57 6416.01 527123 433178 356149 2927.28 2403.83 1972.15 1616.65 1324.41 108449 887.689 726.376 594.223 486.007 397.425 324.94 265641 217.141 177.804 14527 118.689 96.9717
434457 30991.3 25640 209585 17616.1 15110.6 12309.6 9821.57 7823.76 6389.06 5247.34 4310.47 35419 2011.85 239321 1965.23 1612.23 1321.50 1082.67 886.532 725.649 593.78 485.748 307.285 324.874 265.62 217.146 177.5 145344 118.75 97.0212
528346 35570.4 253735 20992.3 17159.3 14422.4 12370.1 10075.9 803819 6402.31 5227.73 429319 3526.48 2897.58 2382.08 1957.75 1607.62 1318.85 108108 88564 725101 593586 485.714 397.343 324.08 265.747 217.277 177.625 145195 118.801 07.137
534849 43257.4 291226 207741 17187 14048.7 11807.5 101268 8248.05 6579.64 524035 427879 35138 288623 2371.47 1949.55 160226 13157 1079.36 884.760 724.817 593503 485795 397.512 325.183 265.065 217.489 177.821 145369 118.828 97.301%
713272 43789.7 35416.1 238435 17008.4 140713 11501.6 9666.25 8289.85 675158 5385.65 4280.26 3502.14 2875.96 2362.28 1940.95 159562 1311.37 1076.83 883.399 724.135 593222 485.748 397.505 325.34 266.148 217.677 178.002 145536 118.976 97.253¢
412726 58397.8 35852 28996.3 19521.3 13924.6 11518.7 9413.22 7909.41 67818 5522.46 4404.65 3507.66 2863.79 2351.64 1931.54 1587.01 1304.62 1072.2 880.431 722.271 592.053 485.016 397.145 325.071 265.995 217.6 177.97 145532 118.988 97.2734
2.1 337911 47812 20353.1 23740.1 15982.3 11399.5 0428.96 7704.64 6473.12 5549.83 4518.08 3604.13 2870.06 2343.18 1024.1 1580.35 1298.46 1067.41 877.246 720.341 590.938 484307 306.823 324.920 265.061 217.627 178.031 145608 119.068 97.351%
5169.7 28247.9 276658 391452 240322 194356 130826 9320.12 7714.44 6302.16 5293.8 4538.06 3694.75 2946.54 2346.28 1915.48 1572.85 120184 1061.33 872514 717.065 588.807 483 5.043 324.359 265593 217.393 177.885 14552 119.018 97.324¢
35169.1 287945 23127.4 22650.9 32049.1 19674.5 15908.4 107052 763125 6308.51 515235 4327.15 37089 3019.38 2407.77 1917.18 156511 128512 10555 867.191 712.868 585.858 481.065 394.642 323.489 265.004 216.991 177.611 145333 118.89 97.237¢
293025 28794.1 23574.9 18935.1 18544.8 26237.6 16103 16.9 8756.26 6239.9 5156.95 4210.98 3536.04 3030.5 2466.92 1967.12 1566.25 1278.59 1049.84 862.239 708.403 582.333 478.577 392.971 322.373 264.249 216474 177.253 145085 118718 97.117%
057.5 23990.9 2357 3015 15502.6 151816 214734 131738 106435 715654 5098.07 4212.14 3438.8 2887.22 24742 201393 160582 1278.53 1043.68 856.94 703.801 578.226 475.319 390.627 320.752 263.127 215.684 176.680 144.676 118.42 96.8984
454301 253458 19642.1 193012 15802.6 12690.9 12424.2 17564.3 10769.5 8696.51 5844.93 416239 343827 280655 2356.1 2018.89 164322 1310.18 104311 851488 699.122 574177 471725 387.769 318.674 261.669 214.658 175954 144.141 118.026 96.6054
382208 371951 20751.4 160816 15802.4 12937.5 10388.8 10168.6 143725 8810.81 7113.76 4780.6 3404.16 281178 229507 1926.65 1650.87 1343.66 107132 852.934 696.242 571653 469.487 385.715 317.065 260.569 213.957 175.518 143,871 117.859 96.504€
40458.4 312026 30452.7 16989.8 13166.4 12937.2 10590.1 8501.82 8319.38 11756 7205.35 5816.65 3908.49 2782.04 2298.53 1876.06 1574.87 1349.41 1098.28 875.664 697.157 569.079 467.243 383.736 315.263 250.152 212.975 174.877 143458 117.502 96.330¢
656946 331246 256202 249326 13909.9 10778.7 10588.3 8663.88 695220 6800.27 9606.1 5886.18 4750.85 319191 22725 1876.82 1531.79 128582 110171 896.666 714.904 569.163 464505 381.454 313278 257.377 211568 173.869 142.766 117.116 95.999
530914 537862 27120.1 20976 204129 11387.6 8822.2 8663.46 7086.13 5684.23 5558.36 7850.08 4809.42 388134 2607.51 1856.33 153305 1251.18 1050.25 899.857 732.37 583.907 464.868 379.459 311552 255.869 210.211 172796 142.006 116.602 95.6534
467.6 440364 22204 171736 16712 9322.02 7220.81 7089.59 5797.84 4650.19 4546.75 6420.9 393361 3174.42 213254 151816 1253.75 1023.23 858.895 735.001 598.928 477.515 380.164 310.317 254.783 209.246 171907 14131 11613 95.355€

46817.4 74797.4 355882 36054 18179.1 14060.2 136813 7630.57 5909.85 5801.76 47442 380483 3720 5253.17 3218.14 2506.99 17446 1241.98 102566 837.07 702.632 602.014 489.96 390.635 310.996 253.857 208.427 171175 140.63 1156 950007
21421 38330.9 612389 20137.2 205182 148825 11507.9 111937 6240.65 483157 474178 3876.56 3108.47 3038.81 4290.88 2628.47 2121.04 142483 101431 837.633 683.605 573.81 491635 400.124 319.009 253.972 207.309 170.200 139.787 114843 94.4024
157958 175 382.7 50138.2 238553 241656 121813 94162 9155.81 510281 394958 3875.4 3167.8 2539.88 2482.77 3505.55 2147.32 1732.73 1163.96 828. 84.251 558.423 468. 1.602 326.848 260.587 207.46 169.343 139.037 114.186 93.810%
321912 129325 14358.9 25693.9 41049.3 19529.3 19778.7 9966.28 7700.75 7484.95 417029 3227.06 31659 2587.53 2074.46 2027.69 2862.87 1753.6 1414.99 950.497 676.621 558.753 455.999 382.755 327.933 266.895 212.788 169.405 138.28 113.533 93.240¢
399188 26355.0 10588.2 11756.1 210363 336064 15086 16186.4 8154.06 6298.99 612129 3410.02 2638.47 2588.27 2115.32 169581 1657.53 2340.21 143343 1156.63 776.942 553.07 456723 372.731 312.861 268.053 218.157 173.93 138.47 113028 92.799¢
472208 326828 215784 8668.92 9625.03 172225 275113 13084.9 132469 667229 5153.73 5007.91 278961 2158.33 2117.21 1730.29 1387.12 135579 191417 117246 946.056 635491 452376 373.569 304.869 255899 219.249 178.437 142.262 113.258 92.448¢
25374.3 38661.1 26758.4 17666.9 7097.47 7879.84 14097.6 22514 10705.1 108349 545631 421385 4094.16 2280.43 1764.28 1730.59 1414.20 1133.76 1108.14 1564.51 958.284 773.229 519.396 369.732 305.321 249.171 209.147 179.193 145837 116.271 92.5667
16602.6 20774.7 316531 21907.9 144643 5810.45 6449.59 11534.9 18414.5 8752.87 8856.52 4459.07 344317 3345 186301 144126 1413.68 115527 926101 905.16 1277.92 782.734 631576 424.242 301.995 249.384 203.521 170.829 146363 119.118 94.968¢
13344.7 135931 17008.9 259153 179365 118412 475557 5276.61 9432.02 150528 7152.65 723556 3642.31 281213 273L71 152133 1176.88 1154.32 943202 756.161 730.052 1043.30 639.081 515.661 346.378 246.567 203.612 166.166 130.474 110.498 97.254
22351 109257 11129.1 139257 21217.4 14683.6 969113 3890.37 431452 770958 12298.3 5842.19 5008.75 207398 22959 2230.08 1241.91 960.684 942245 760.972 617.214 603242 851.651 521.634 420.893 282719 201.252 166,19 135.626 11384 97.535%
43250.4 18299.4 89452 911171 114013 17369.7 12017.7 7928.45 318133 3526.72 6299.75 10046.8 477176 4825.49 2428.53 1874.69 1820.86 1013.98 784.351 769.282 628.623 503.903 492492 695.29 425.861 343615 230.81  164.3 135676 110.724 92.9377
62667 35417.8 14982.3 732371 7460 9334.08 142183 983511 6486.86 2602.28 2884.26 5151.4 8214.57 3001.24 3944.96 198531 153251 1488.48 828.877 641158 628.835 513.853 411.901 402.572 568.342 348,105 280.876 188.667 134.301 110.903 90.5067
322856 51307.4 28997.6 122665 5996.11 6107.42 7640.69 11636.3 8047.19 530647 2128.38 235860 42123 671659 3189.67 32253 16231 1252.89 1216.87 677.624 524.156 514079 420078 336.731 320.103 464.619 284.575 229.615 154.235 109.79 90.662¢
215642 264332 42007 237412 10042.9 4908.97 4999.46 6253.33 9521.34 658321 434037 1740.67 192885 3444.44 5491.97 2608.02 2637.09 1327.07 1024.36 99491 554.018 428.541 420301 343.446 275303 269.067 379.86 232.661 187.727 126.098 897614
274823 176553 21641.7 34392.4 19437.5 8221.83 4018.0 091 5115.19 7785.99 5382.01 3547.74 1422.50 1576.23 2814.56 4487.44 213091 2154.61 1084.25 836.92 812.846 452.632 350.116 343.381 280.501 224.918 219.823 310.339 190.079 153369 103.01¢
454729 225006 14454.9 17718.7 28157.9 15013 6729.84 3288.02 3346.50 4183.32 63661 4399.76 2809.89 116271 1288.2 2300.13 3667.14 1741.34 1760.68 886.001 683.888 664211 360.862 286.001 280583 229.279 183.787 179.623 253585 155.318 125.321
.3 37230 18422 118347 145068 230525 130259 5507.6 2600.18 2737.47 3421.26 520568 3597.39 2370.87 950.55 10531 1880.31 2007.75 142346 1439.25 724.249 559.031 542.944 302.335 233857 220.358 187.417 150231 146.827 207.285 126.96
545015 304814 15082.6 9689.36 11876.4 18869.6 10659.7 4505.82 2200.20 2238.49 2797.2 4255.63 2940.62 1937.91 776932 860.728 1536.79 2450.04 1163.37 1176.27 591.908 456.878 443729 247.086 191122 187.445 153.168 122.777 119.995 169.404
34663.7. 736042 44622 24956 12348.6 7932.65 9722.14 15444.2 8722.99 3686.55 1799.97 1831.03 2287.86 3480.53 2404.93 1584.84 635369 703.887 1256.75 2003.56 951.363 961.903 484.036 373.613 362.86 202.055 15629 153.282 125253  100.4 98.125%
385436 283802 60262 365334 20432.2 10109.7 6493.76 7957.32 126383 7136.97 3015.84 147234 1497.63 187117 284652 1966.8 1296.09 519.599 575626 1027.74 1638.45 777.992 786.609 395.826 305526 206.731 165.232 127.807 125348 102.426 82.102¢
412572 315568 232357 493384 209109 16727.8 82759 5314.92 651154 103402 5838.37 246683 120421 1224.83 1530.27 2327.86 1608.4 1059.89 424.903 470.716 840422 133083 636.191 643.236 323679 249.837 242.646 135114 104511 1025 83.756%
416504 33778.6 258365 190238 40394.6 24487.5 136925 6772.56 4348.23 532584 8455.58 47735 2016.67 984.382 1001.18 1250.79 1902.66 1314.58 866.261 347.275 384.714 686.868 109502 519.048 525.704 264.535 204.186 198.308 110.426 85.4142 B83.770¢
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Table 4. 23. Comparison of time series estimates f
model for 2021.

2017 assessment 21.2(2021 preferred assessme
Year| SSB CV Rec CV SSB CV Rec CV
1977| 45,484 0.218 106,962 0.562| 39,778 0.235 110,247 0.583
1978| 44,900 0.218 119,916 0.574| 39,588 0.237 113,088 0.582
1979| 44,267 0.218 127,793 0.566| 39,435 0.238 113,638 0.575
1980( 43,499 0.217 113,071 0.556| 39,232 0.239 108,460 0.564
1981| 42,727 0.215 104,665 0.529| 39,088 0.239 105,647 0.552
1982 41,845 0.213 98,061 0.513| 38,828 0.238 105,817 0.542
1983 41,932 0.205 89,764 0.508| 39,461 0.231 104,717 0.541
1984| 41,985 0.197 109,819 0.501| 39,762 0.223 120,188 0.544
1985( 42,912 0.186 139,528 0.484| 40,514 0.212 146,158 0.537
1986( 44,280 0.173 136,307 0.498| 41,502 0.200 147,955 0.558
1987 45,258 0.162 208,062 0.33 | 42,321 0.188 197,299 0.438
1988| 45,183 0.153 100,840 0.417| 42,367 0.178 114,163 0.484
1989( 45,009 0.144 86,682 0.36 | 42,680 0.166 95,433 0.427
1990( 44,231 0.136 93,963 0.296| 42,572 0.156 97,278 0.376
1991( 43,938 0.126 100,920 0.247| 42,822 0.144 97,276 0.328
1992| 44,601 0.116 82,595 0.241| 43,820 0.130 81,053 0.316
1993( 45,865 0.105 72,409 0.248| 45,109 0.114 85,635 0.292
1994| 47,526 0.094 107,671 0.212| 46,319 0.099 125,667 0.208
1995( 48,314 0.087 139,538 0.178| 47,105 0.088 105,726 0.201
1996( 47,388 0.081 137,186 0.177| 46,310 0.080 111,920 0.192
1997| 45,522 0.078 153,088 0.168| 44,328 0.076 181,730 0.144
1998| 43,958 0.075 171,682 0.162| 42,459 0.073 146,864 0.169
1999( 42,715 0.072 221,981 0.137| 41,152 0.070 252,705 0.129
2000| 41,683 0.069 107,992 0.184( 40,508 0.068 129,503 0.184
2001| 40,959 0.067 62,825 0.218( 39,860 0.067 59,257 0.222
2002| 41,742 0.065 62,512 0.229( 39,596 0.067 43,697 0.239
2003]| 43,038 0.063 112,056 0.195( 39,973 0.066 89,054 0.183
2004| 45,532 0.06 139,592 0.18 | 42,343 0.064 110,430 0.175
2005| 49,351 0.056 126,834 0.178| 45,966 0.061 130,629 0.156
2006| 52,827 0.054 71,533 0.213( 50,034 0.059 70,192 0.202
2007| 52,878 0.055 59,389 0.225( 50,698 0.058 45,928 0.216
2008| 50,103 0.056 58,535 0.249( 47,796 0.060 36,917 0.241
2009]| 46,819 0.058 98,832 0.242( 43,677 0.062 61,832 0.226
2010] 45,188 0.061 157,376 0.237| 40,860 0.064 119,672 0.202
2011 45,555 0.062 226,533 0.223( 40,097 0.064 173,354 0.179
2012]| 45,612 0.064 138,936 0.275( 39,800 0.065 89,313 0.213
2013]| 44,204 0.067 84,364 0.383| 38,322 0.066 59,653 0.261
2014] 41,590 0.07 127,100 0.45 | 35,350 0.069 76,027 0.275
2015]| 39,428 0.073 113,609 0.567( 32,436 0.071 125,801 0.315
2016 39,284 0.077 122,753 0.583( 31,070 0.073 184,163 0.328
2017] 41,831 0.083 131,118 0.604( 31,992 0.076 248,679 0.359

2018 - - - - 34,438 0.079 95,889 0.510
2019| - - - - 35,354 0.083 106,621 0.578
2020] - - - - 34,903 0.087 114,129 0.601
2021] - - - - 34,605 0.093 115,216 0.604
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Table 4.2. Root mean square error from model fit to the southern rock sole models.

Model All GOA Central West
17.1 0.13 - -
17.1a 0.13 - -
17.1b 0.13 - -
21 - 0.14 0.18
211 - 0.14 0.18
21.2 - 0.14 0.20

Table 425. Total likelihood andikelihood components for the southern rock sole models.

Model Age_comp Length_comp Survey Total Npars
17.1 572.53 569.69 -19.74 1122.06 95
17.1a 572.82 568.73 -19.68 1125.39 95
17.1b 568.17 578.64 -19.58 1130.31 92
21 776.26 622.73 -31.39 1371.69 119
211 776.24 622.78 -31.39 1371.73 111
21.2 917.33 637.80 -29.97 1527.99 95
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Table 4.3. Biological parameter estimates for southern rock sole by modehrséarea. *Female
natural mortality 1) was not estimated and fixed@e.

Model Sex Area LaAl L aA2 K A al0 CVmin CVmax M nages
External Female All GOA 18.45 50.24 0.1637 0.2875 - - -
17.1 Female All GOA 14.25 49.04 0.174 1.12 0.20 0.10 0.200
17.1a Female All GOA 14.62 49.10 0.172 1.03 0.14 0.10 0.200
17.1b Female All GOA 14.67 50.17 0.163 0.96 0.16 0.09 0.200
External Male All GOA 18.37 39.58 0.211 0.13 - - -
17.1 Male All GOA 15.11 40.75 0.190 0.64 2.15 5.23 0.271
17.1a Male All GOA 15.14 40.58 0.194 0.68 0.12 0.13 0.271
17.1b Male All GOA 14.95 41.49 0.188 0.71 0.14 0.11 0.270
External Female Central 18.86 51.43 0.166 0.33 - - -
21 Female Central 15.38 51.57 0.158 0.84 0.16 0.09 0.200
21.1 Female Central 15.37 51.57 0.158 0.84 0.16 0.09 0.200
21.2 Female Central 18.86 51.43 0.166 0.33 0.16 0.09 0.200
External Male Central 18.63 39.86 0.220 0.22 - - -
21 Male Central 16.03 41.48 0.181 0.39 0.13 0.13 0.253
21.1 Male Central 16.03 41.48 0.181 0.39 0.13 0.13 0.253
21.2 Male Central 18.63 39.86 0.220 0.22 0.13 0.13 0.249
External Female West 17.68 48.67 0.155 0.18 - - -
21 Female West 12.39 46.02 0.201 1.52 0.19 0.05 0.200
21.1 Female West 12.38 46.01 0.201 1.52 0.19 0.05 0.200
21.2 Female West 17.68 48.67 0.155 0.18 0.19 0.04 0.200
External Male West 17.82 39.15 0.198 0.02 - - -
21 Male West 12.92 37.17 0.267 1.49 0.18 0.06 0.271
21.1 Male West 12.92 37.17 0.267 1.49 0.18 0.06 0.271
21.2 Male West 17.82 39.15 0.198 0.02 0.17 0.08 0.274
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Table 4.2. Parameter correlation tables for southern rock sole models a) 17.1, b) 17.1a, ahd c) 21.

a)Model 17.1

Number|Parameter name value std.dev| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1 L_at_Amin female 14.25 0.61 1

2 L_at_Amax female 49.04 0.61 0.26 1

3 K female 0.17 0.01 1

4 CV min female 2.84 0.26 0.15 0.05 1

5 CV max female 513 0.22 | 0.8 00708 1

6 M male 0.27 0.01 |0.15-0.30 0.01-0.09 0.07 1

7 L_at_Amin male 15.11 0.59 | 0.03-0.06 0.00-0.02 0.01-0.20 1

8 L_at_Amax male 40.75 0.87 | 0.00 0.03-0.03 0.01 0.00 0.21 0.23 1

9 K male 0.19 0.02 |-0.04 0.06 0.02 0.02-0.02 0.04F0l67EONE 1

10 CV min male 215 0.26 |-0.01 0.02 0.00 0.01 0.00 0.08-0.34 0.25-0.09 1

11 |CcVmax male 523 0.34 | 0.03-0.07 0.00-0.02 0.02-0.10 0.33-0.20 -0.18f0ME 1

12 RO 12.41 0.06 | 0.25-0.31-0.14-0.14 0.1c]J8l 0.09 0.03-0.15-0.01 0.09 1

13 SR_regime -0.07 0.13 |-0.02-0.03 0.04 0.00 0.00-0.02 0.00 0.00 0.00 0.00-0.01-0.09 1

14 init_F 0.03 0.01 | 0.05-0.16 0.05-0.03-0.01 0.24 0.07 -0.04 -0.06 -0.03 0.07 0.12-1 1

15 Size_DbIN_peak_Fishery(1) |57.98 2.26 | 0.04[20M48 0.24 -0.06 -0.06JJ8lBll 0.15 -0.05-0.16 -0.05 0.1 -0.0 1

16 Size_DbIN_top_logit_Fishery(1)[2.77 46.41 | 0.00 0.00 0.00 0.01-0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1

17 Size_DbIN_ascend_se_Fishery(§.97 0.11 |-0.12J%0M8 0.36 0.02 -0.14JJ8ll§ 0.11 -0.05-0.11-0.04 0.12 0.30 0.00 0.34[J8l8d o.00 1

18 Size_DbIN_descend_se_Fishery@p9 216.88| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.27 0.00 1

19 Size_DbIN_end_logit_Fishery(1)-2.42 83.81 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00-0.02 0.00 0.00 1

20 SzSel_Male_Peak_Fishery(1) |-18.161.92 |-0.01 0.44-0.26 0.04 0.07 -0.07 -0.13 0.22 0.00 -0.17}%0M2 0.00 -0.3 0.00 0.00 0.00 1

21 SzSel_Male_Ascend_Fishery(1)|-1.29 0.13 | 0.12 0.29 -0.27 -0.03 0.11 -0.14 -0.26 0.32 0.00 -0.22-0.22 0.00 -0.1 0.00 0.00 o.ooflE 1

22 Size_DbIN_peak_Survey(2)  |44.24 1.38 | 0.20-0.24-0.03-0.13 0.13 0.33 0.07 0.03-0.12-0.01 0.09 0.60 -0.01 0.07 0.34 0.00 0.24 0.00 0.00-0.32-0.18 1

23 Size_DbIN_ascend_se_Survey($3.40 0.12 | 0.02-0.22 0.12-0.05 0.05 0.19 0.04 0.01 -0.06-0.01 0.05 0.36 0.00 0.03 0.23 0.00 0.20 0.00 0.00 -0.22 -0.1 1

24 SzSel_Male_Peak_Survey(2) |-7.46 1.72 |-0.15 0.24-0.05 0.11 -0.07]50/9 0.10 -0.15 0.09 -0.07 -0.05 -0.37 0.01-0.12 -0.36 0.00-0.29 0.00 0.00 0.42 0.29 1
25 SzSel_Male_Ascend_Survey(2)|-0.65 0.20 |-0.02 0.21-0.12 0.04 -0.02-0.31 0.01-0.15 0.14 -0.04 -0.07 -0.19 0.00 -0.10 -0.27 0.00 -0.24 0.00 0.00 0.32 0.26 1
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Table 4.27 continued
b) Model 17.1a

Number{name value std.dev| 1 2 3 4 5 6 7 8 9 10 1112 13 14|15 16 17 18 19| 20 21 22 23
1 L_at_Amin female 14.62

2 L_at_Amax female 49.10

3 K female 0.17

4 CV min female 0.14

5 CV max female 0.10 1.00

6 M male 0.27 0.15( 1.00

7 L_at_Amin male 15.14 0.53 0.03 -0.06 0.00 -0.01 0.02|-0.18 1.00

8 L_at Amax male 40.58 0.88/0.00 0.04 -0.03 0.01 -0.01)0.23 0.21 1.00

9 K male 0.19 0.02-0.03 0.05 0.02 0.00 -0.03| 0.00 [EOIGIEGIZ8 1.00

10 CV min male 0.12 0.014-0.01 0.01 -0.01 0.01 0.00{0.09 -0.35 0.22 -0.15 1.00

11 CV max male 0.13  0.01 0.02 -0.07 0.01 -0.01 0.03|-0.16 0.18- 0.19 -0.43 1.00

12 RO 12.43 0.06/ 0.21 -0.31-0.10 -0.09 0.23- 0.09 0.01 -0.14 0.00 0.07|1.00

13 SR_regime -0.08 0.13-0.02 -0.04 0.04 0.00 0.01|-0.02 0.00 0.00 0.00 0.00 -0.01}-0.08 1.00
14 init_F[1] 0.03  0.01 0.04 -0.17 0.06 -0.04 0.04|0.24 0.06 -0.05-0.04 -0.02 0.07

15 Size_DbIN_peak_Fishery(1) | 57.76 2.25 0.03 EOISOJGIBM -0.10 0.12
16 Size_DbIN_top_logit_Fishery(1)| 0.61 102.04 0.00 0.00 0.00 0.00 0.00{0.00 0.00 0.00 0.00 0.00 0.00{0.00 0.00 0.00|0.00 1.00

17 Size_DbIN_ascend_se_Fishery(fl) 5.96 0.11}-0.11 0.36 -0.05 0.05 0.10 -0.06 -0.09 -0.03 0.12 0.00 1.00
18 SzSel_Male_Peak_Fishery(1) |-17.87 1.91 0.00 -0.28 0.09 -0.10 -0.05 -0.12 0.21 -0.05 -0.09 0.00 1.00
19 SzSel_Male_Ascend_Fishery(1)| -1.26 0.13/0.11 -0.27 0.02 -0.02 0.00 1.00

20 Size_DbIN_peak_Survey(2) 44,15 1.37/0.17 -0.26 0.02 -0.13 0.19 0.00 0.24 -0.32-0.18| 1.00

21 Size_DbIN_ascend_se_Survey(?) 539 0.12 0.01 -0.23 0.14 -0.08 0.13|0.19 0.03 0.01 -0.05 0.00 0.03 0.00 0.03|0.23 0.00 0.20 -0.22 -0.15/ 0.86 1.00
22 SzSel_Male_Peak_Survey(2) -7.28 1.73-0.12 0.26 -0.09 0.11 -0.15/-0.49 0.11 -0.17 0.12 -0.12 0.04(-0.35 0.01 -0.12/-0.36 0.00 -0.30 1.00
23 SzSel_Male_Ascend_Survey(2)| -0.62  0.20-0.01 0.22 -0.14 0.06 -0.10[-0.32 0.01 -0.17 0.15 -0.08 0.02|-0.18 0.00 -0.10[-0.27 0.00 -0.24] 0.26 1.00
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Table 4.27. continued

c) Model 21.1

Number|name value std.dev 1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16| 17 18 19 20 21 22/ 23 24 25 26 27
1 L_at_Amin female 1 15.37 0.61

2 L_at_Amax female 1 51.57 0.89

3 K female 1 0.16 0.01

4 CV min female 1 0.16 0.01

5 CV max female 1 0.09 0.01

6 L_at_Amin female 2 12.38 0.82

7 L_at_Amax female 2 46.01 0.50

8 K female 2 0.20 0.01

9 CV min female 2 0.19 0.02

10 CV max female 2 0.05 0.01

11 M male 1 0.25 0.01 . . . . .01 0.00

12 L_at_Amin male 1 16.03 0.66 0.05 -0.05 -0.01 -0.03 0.05 0.00 0.00 0.00 0.00

13 L_at_Amax male 1 41.48 1.15 0.03 -0.04 -0.01 -0.02 0.03 0.00 0.00 -0.01 0.00

14 K male 1 0.18 0.02 -0.08 0.10 0.03 0.06 -0.09 0.00 0.00 0.01 0.00

15 CV min male 1 0.13 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00

16 CV max male 1 0.13 0.01 0.05 -0.06 -0.01 -0.04 0.06/ 0.00 0.01 -0.01 0.00

17 M male 2 0.27 0.02 -0.01 0.00 0.01 0.00 0.00 0.03 0.01 -0.04 -0.02 0.01 -0.01 -0.01 -0.01 0.02 0.00 -0.01f 1.00

18 L_at_Amin male 2 12.92 0.91 0.00 0.00 -0.01 0.00 0.00/ 0.01 0.00 -0.01 -0.01 0.00| 0.00 0.00 0.00 0.00 0.00

19 L_at_Amax male 2 37.18 0.68 0.00 0.00 0.01 0.00 0.00 -0.02 0.02 0.01 0.02 -0.02] 0.00 0.00 0.00 0.01 0.00

20 K male 2 0.27 0.02 0.00 0.00 0.00 0.00 0.000 0.00 -0.01 0.01 0.00 0.01f 0.00 0.00 0.00 0.00 0.00 1.00

21 CV min male 2 0.18 0.02 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 O. . .03 0.21 1.00

22 CV max male 2 0.06 0.01 0.00 0.00 0.00 0.00 0.00, 0.00 0.00 0.00 0.00 0.00) 0.00 0.00 0.00 0.00 1.00)

23 Rec Dist 0.02 0.11 -0.17 0.19 0.07 0.11 -0.19 0.19 -0.15 -0.18 -0.15 0.1::I -0.03 -0.03 0.07 0.00 -0.03 0.07 0.03 -0.11 0.04 -0.03 0.00 1.00

24 RO 12.43 0.06 0.17 -0.16 -0.11 -0.11 0.17 0.17 -0.14 -0.18 -0.14 0.1 0.05 0.05 -0.11 0.00 0.04 0.03 0.03 -0.12 0.03 -0.03 0.00- 1.00

25 SR_regime -0.09 0.13 -0.02 -0.03 0.04 0.00 0.01]-0.01 -0.03 0.03 0.01 0.01f-0.01 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.09 1.00

26 init_F[1] 0.04 0.01 0.11 -0.13 0.00 -0.09 0.11] 0.01 0.02 -0.02 -0.01 -0.03 0.17 0.03 0.02 -0.06 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.03! 1.00
27 init_F[2] 0.00 0.00 0.01 0.02 -0.01 0.00 -0.01f -0.02 0.10 -0.03 0.03 -0.06 0.01 0.00 -0.01 0.01 0.00 0.00 0.11 0.00 0.09 -0.06 0.01 -0.01 -0.29 -0.2 1.00]
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Table 4.27. continued
C)

N value std.dev 3 5| 6 7 8 9 14 15 16| 17 21 22| 23 24 25 26 27| 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
28 Size_DbIN_peak_Fishery(1)[52.48  2.23 0.15) 0.00 0.01 -0.02 0.00 -0.21 0.00 0.13-0.02 -0.01 0.0 Kk

29 Size_DbIN_top_logit_Fisher]0.95 215.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

30 Size_DbIN_ascend_se_Fish|5.71 0.12 0.19 -0.59 0.27 -0.25 0.3 0.00 0.01 -0.01 0.00 -0.17 0.00 0.10 -0.01 0.00 0.00-0.23 0.22

31 SzSel_Male_Peak_Fishery(])13.60  2.01 -0.30 055 -0.17JJI88 -0.49 0.00 -0.01 0.01 0.00 0.22 -0.09 -0.02 0.01 0.00 0.00| 0.27 -0.26

32 SzSel_Male_Ascend_Fisherj(1s 0.15 -0.14JJ08 -0.23 0.19 -0.29 0.00 0.00 0.01 0.00 0.31 -0.07 -0.02 0.01 0.00 0.00 0.19 -0.18

33 Size_DbIN_peak_Fishery(2)|38.94 241 0.00 0.00 0.00 0.00 0.01 0.08 -0.04 -0.04 -0.08 -0.01 0.00 0.00 0.11 -0.01 0.06

34 Size_DbIN_top_logit_Fisher]-0.72 17.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

35 Size_DbIN_ascend_se_Fish|3.87 0.54 0.00 0.00 0.00 0.00 0.00 0.03 -0.05 0.01 -0.04 -0.01 0.00 0.00 0.07 0.00 0.03

36 SzSel_Male_Peak_Fishery(2)1.01 3.57 0.00 0.00 -0.01 0.00 0.004 -0.04 0.04 -0.01 0.04 0.00 0.00 0.0 -0.02 -0.01

37 SzSel_Male_Ascend_Fishena2p 0.74 0.00 0.00 0.00 0.00 0.00-0.01 0.04 -0.02 0.02 0.00 0.00 0.00f -0.27 0.02 -0.01

38 Size_DbIN_peak_Survey(l) [43.16  2.12 0.31 -0.24 -0.07 -0.23 0.26 0.00 0.01 -0.02 0.00 -0.13 0.00 0.06 -0.03 0.00 0.37

39 Size_DbIN_ascend_se_Sury5.42 0.18 0.18 -0.21 0.03 -0.16 0.19 0.00 0.01 -0.01 0.00 -0.08 0.00 0.03-0.02 0.00 0.25

40 SzSel_Male_Peak_Survey(1)5.96 2.54 -0.26 0.25 0.00 0.22 -0.23 0.00 -0.01 0.01 0.00 0.06 -0.14 0.07] 0.01 0.00 0.00 0.20 -0.20

41 SzSel_Male_Ascend_Survey(d5 0.28 -0.14 0.21 -0.06 0.14 -0.17 0.00 0.00 0.00 0.00 0.10 -0.10 0.06{ 0.00 0.00 0.00 0.12 -0.11

42 Size_DbIN_peak_Survey(2) |44.87 2.40 0.01 0.01 -0.03 0.00 0.00 0.14 -0.24 0.00 -0.02 0.00 0.01f 0.01 -0.03 0.03 0.05 0.00 0.03 -0.01 -0.01 0.04 0.03 -0.01 0.00 1.00
43 Size_DbIN_ascend_se_Sury5.38 0.20 0.01 0.01 -0.02 0.00 0.0Q -0.01 -0.26 0.14 -0.01 0.00 0.00 0.00 -0.02 0.01 . . 0.03 0.00 0.02 -0.01 -0.01 0.02 0.02 -0.01 0.0

a4 SzSel_Male_Peak_Survey(2)3.61 4.44 0.00 0.00 -0.01 0.00 0.00 -0.02 0.08 -0.06 0.03 -0.01 0.00 0.0 -0.05 0.02 0.00 0.01 -0.01 -0.01 -0.09 0.00 -0.0 0.24/ 0.03 0.02 -0.01 0.0

45 SzSel_Male_Ascend_Survey@po 0.44 0.01_0.00 -0.02_0.00 0.0 0.04 0.08 -0.10 -0.01 -0.01_0.00_0.0: 0.00 0.02 0.00_0.01 -0.01 -0.01 -0.08 0.00 -0.0 0.22| 0.03 0.02 -0.01 0.0
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Table 4.8. The estimated proportion sbuthern rock solabundance in the western Gulf ofagka. On
average since 1996, B6of survey biomassas beein the western Gulf.

Model Recruitment distribution parameter Distribution
17.1 - -
17.1a - -
17.1b - -

21 0.02 0.51
21.1 0.02 0.51
21.2 0.02 0.50
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Table 429. Spawning biomass (SSB in tons) estimates and associated CVs from the southern rock sole
assessment models.

17.1 17.1a 21 21.1 21.2
Year SSB CcVv SSB CV SSB CV SSB CVv SSB CcVv
1977 81,276 0.2 83,012 0.2 | 79,315 0.2 | 79,299 0.2 | 69,809 0.2
1978 80,386 0.2 82,068 0.2 | 78,319 0.2 | 78,302 0.2 | 68923 0.2
1979 79,475 0.2 81,052 0.2 | 77,284 0.2 | 77,267 0.2 | 68,005 0.2
1980 78,491 0.2 79,957 0.2 | 76,163 0.2 | 76,146 0.2 | 67,010 0.2
1981 77,652 0.2 79,014 0.2 | 75,176 0.2 | 75159 0.2 | 66,154 0.2
1982 76,938 0.2 78,226 0.2 | 74300 0.2 | 74,281 0.2 | 65425 0.2
1983 77,614 0.2 78,868 0.2 | 74,780 0.2 | 74,761 0.2 | 65,981 0.2
1984 78,708 0.2 79,973 0.2 | 75575 0.2 | 75555 0.2 | 66,882 0.2
1985 81,504 0.2 82,818 0.2 | 77874 0.2 | 77,854 0.2 | 69,206 0.2
1986 85,944 0.2 87,302 0.2 | 81640 0.2 | 81,618 0.2 | 72,910 0.2
1987 91,247 0.2 92,581 0.1 | 86,247 0.2 | 86,224 0.2 | 77,418 0.2
1988 95919 0.1 97,105 0.1 | 90,371 0.1 | 90,348 0.1 | 81,508 0.1
1989 99,967 0.1 | 100,852 0.1 | 94,122 0.1 | 94,099 0.1 | 85281 0.1
1990 102,062 0.1 | 102,570 0.1 | 96,186 0.1 | 96,164 0.1 | 87,529 0.1
1991 102,778 0.1 | 103,030 0.1 | 97,114 0.1 | 97,093 0.1 | 88,789 0.1
1992 102,931 0.1 | 103,158 0.1 | 97,693 0.1 | 97,674 0.1 | 89,831 0.1
1993 102,294 0.1 | 102,595 0.1 | 97,634 0.1 | 97,617 0.1 | 90,348 0.1
1994 100,852 0.1 | 101,161 0.1 | 96,827 0.1 | 96,811 0.1 | 90,176 0.1
1995 100,245 0.1 | 100,495 0.1 | 96,834 0.1 | 96,820 0.1 | 90,726 0.1
1996 98,511 0.1 98,696 0.1 | 95,658 0.1 | 95644 0.1 | 90,065 0.1
1997 94,826 0.1 94969 0.1 | 92,447 0.1 | 92,434 0.1 | 87,324 0.1
1998 90,621 0.1 90,722 0.1 | 88,623 0.1 | 88,612 0.1 | 83,887 0.1
1999 87,269 0.1 87,339 0.1 | 85562 0.1 | 85552 0.1 | 81,120 0.1
2000 84,595 0.1 84,668 0.1 | 83,091 0.1 | 83,082 0.1 | 78,884 0.1
2001 81,544 0.1 81,626 0.1 | 80,114 0.1 | 80,106 0.1 | 76,107 0.0
2002 79,359 0.1 79,415 01| 77814 0.1 | 77,806 0.1 | 73,751 0.0
2003 78,073 0.1 78,084 0.1 | 76,215 0.1 | 76,207 0.1 | 71595 0.0
2004 79,377 0.1 79,386 0.1 | 77,248 0.1 | 77,139 0.1 | 71,186 0.0
2005 83,701 0.1 83,681 0.1 | 81,285 0.1 | 81,276 0.1 | 73571 0.0
2006 89,073 0.1 88,943 0.0 | 86,725 0.1 | 86,714 0.1 | 77,669 0.0
2007 93,018 0.0 92,747 0.0 | 90,822 0.1 | 90,809 0.1 | 81,228 0.0
2008 94,211 0.0 93,868 0.0 | 92,155 0.1 | 92,142 0.1 | 82,612 0.0
2009 93,465 0.0 93,112 00| 91,585 0.1 | 91,572 0.1 | 82,231 0.0
2010 92,669 0.0 92,304 0.0 | 90,963 0.1 | 90,950 0.1 | 81,663 0.0
2011 92,916 0.0 92530 00| 91,314 0.1 | 91,302 0.1 | 81,836 0.0
2012 92,853 0.0 92,429 00| 91,317 0.1 | 91,305 0.1 | 81,839 0.0
2013 91,352 0.0 90,902 0.0 | 89,877 0.1 | 89,865 0.1 | 80,847 0.0
2014 87,300 0.0 86,837 0.0 | 85854 01| 85843 0.1 | 77,633 0.0
2015 81,842 0.1 81,384 0.1 | 80,332 0.1 | 80,322 0.1 | 72,912 0.0
2016 76,351 0.1 75,897 0.1 | 74666 0.1 | 74656 0.1 | 67,661 0.0
2017 72,092 0.1 71,688 0.1 | 70,207 0.1 | 70,198 0.1 | 63,107 0.0
2018 69,866 0.1 69,528 0.1 | 67,838 0.1 | 67,830 0.1 | 60,256 0.0
2019 68,791 0.1 68,525 0.1 | 66,679 0.1 | 66,671 0.1 | 58,485 0.0
2020 68,640 0.1 68,414 0.1 | 66,373 0.1 | 66,364 0.1 | 57,355 0.0
2021 71,111 0.1 70,876 0.1 | 68,408 0.1 | 68,399 0.1 | 57,548 0.1
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Table 4.30Age-0 recruit estimates (in 1000s) and associated CVs from the southern rock sole assessment
models.

17.1 17.1a 21 21.1 21.2

Year Rec CvVv Rec CvVv Rec Ccv Rec Cv Rec Ccv
1977 295,010 0.6| 300,409 0.6 | 271966 0.6 | 271,885 0.6 | 229,884 0.6
1978 327,459 0.6| 331,701 0.6 | 305,798 0.6 | 305,688 0.6 | 259,875 0.6
1979 334,197 0.6| 334,100 0.6 | 317,087 0.6 | 317,023 0.6 | 271,332 0.6
1980 323,176 0.6| 323,860 0.6 | 311,265 0.6 | 311,206 0.6 | 269,722 0.6
1981 282,821 0.6| 272,546 0.5 | 277,472 0.6 | 277,428 0.6 | 243,877 0.6
1982 238,301 0.6| 223,678 0.5 | 235,865 0.5 | 235,840 0.5 | 206,241 0.6
1983 248,824 0.5| 256,554 0.5 | 248,490 0.5 | 248,467 0.5 | 216,810 0.6
1984 292,685 0.5| 303,040 0.5 | 299,968 0.5 | 299,969 0.5 | 270,246 0.5
1985 265,821 0.5| 267,855 0.5 | 275,485 0.5 | 275,460 05 | 251,903 0.5
1986 214,011 0.5| 207,559 0.5 | 221,766 0.5 | 221,741 0.5 199,529 0.5
1987 288,819 0.4| 289,045 0.4 | 297,355 0.4 | 297,311 04 | 277,127 0.4
1988 180,994 0.4| 180,814 0.4 | 186,309 0.4 | 186,297 0.4 169,598 0.4
1989 161,041 0.4| 161,596 0.4 | 168,781 0.4 | 168,779 0.4 152,545 0.4
1990 143,076 0.4| 143,452 0.4 | 145,394 0.4 | 145,393 0.4 127,692 0.4
1991 191,780 0.3| 186,458 0.3 | 195,456 0.3 | 195450 0.3 174,989 0.3
1992 168,053 0.3| 176,980 0.3 | 171,486 0.3 | 171,465 0.3 152,046 0.3
1993 206,078 0.2| 202,260 0.3 | 206,269 0.2 | 206,237 0.2 186,350 0.2
1994 171,591 0.2| 168,332 0.3 | 166,389 0.2 | 166,365 0.2 146,449 0.2
1995 188,999 0.2| 188,888 0.3 | 175,021 0.2 | 174,996 0.2 133,809 0.2
1996 276,641 0.2| 279,466 0.2 | 259,391 0.2 | 259,357 0.2 166,994 0.2
1997 407,715 0.2] 409,615 0.2 | 423,492 0.1 | 423,405 0.1 304,250 0.1
1998 408,877 0.1| 392,444 0.2 | 423,669 0.1 | 423580 0.1 | 408,031 0.1
1999 229,139 0.2| 235,048 0.2 | 222,663 0.2 | 222,622 0.2 190,524 0.2
2000 171,171 0.2] 168,650 0.3 | 179,426 0.2 | 179,410 0.2 164,650 0.2
2001 229,337 0.2| 233,440 0.2 | 239,150 0.2 | 239,126 0.2 211,679 0.2
2002 227,902 0.2| 218,668 0.2 | 228,043 0.2 | 228,021 0.2 173,409 0.2
2003 319,447 0.2| 328,404 0.2 | 324,602 0.2 | 324,555 0.2 264,075 0.1
2004 201,982 0.2| 187,443 0.2 | 201,365 0.2 | 201,354 0.2 180,734 0.2
2005 195,329 0.2| 204,414 0.2 | 204,027 0.2 | 203,998 0.2 198,710 0.2
2006 65,252 0.3| 60,129 0.3 65,045 0.3 65,036 0.3 73,094 0.3
2007 77,069 0.2| 76,612 0.3 72,356 0.2 72,347 0.2 59,769 0.2
2008 106,720 0.2| 105,449 0.3 97,401 0.2 97,392 0.2 71,036 0.2
2009 153,093 0.2| 153,325 0.2 | 147,083 0.2 | 147,069 0.2 94,097 0.2
2010 252,123 0.2| 255,342 0.2 | 253,591 0.2 | 253,561 0.2 196,354 0.2
2011 127,974 0.2| 124,337 0.3 | 129,322 0.3 | 129,296 0.3 106,189 0.2
2012 127,588 0.3| 132,580 0.3 | 124,635 0.3 | 124,611 0.3 95,074 0.2
2013 238,077 0.2| 229,290 0.2 | 221,941 0.2 | 221,889 0.2 147,430 0.2
2014 636,305 0.2| 643,918 0.2 | 597,184 0.2 | 597,058 0.2 | 346,511 0.2
2015 530,240 0.2| 492,311 0.3 | 499,815 0.2 | 499,709 0.2 272,688 0.2
2016 414,769 0.4| 417,000 0.4 | 434557 0.3 | 434,447 0.3 | 328,864 0.3
2017 316,014 0.5| 309,151 0.4 | 313,666 0.4 | 313,584 0.4 | 325,239 0.4
2018 213,864 0.5| 215,152 0.5 | 195,784 0.5 | 195,741 0.5 181,929 0.5
2019 209,769 0.6| 205,453 0.5 | 201,212 0.5 | 201,178 0.5 163,032 0.5
2020 228,788 0.6| 236,698 0.6 | 232,503 0.6 | 232,467 0.6 177,297 0.6
2021 244,002 0.6| 250,172 0.6 | 249,820 0.6 | 249,785 0.60 | 206,391 0.6
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Table 4.31 Fishing mortality estimates from the southern rock sole assessment models.

17.1 17.1a 210 21.1 21.2
Year F Ccv F Cv F Ccv F Cv F Ccv
1977 0.03 0.2 0.03 0.2 0.04 0.2 0.04 0.2 0.04 0.2
1978 0.03 0.2 0.03 0.2 0.04 0.2 0.04 0.2 0.04 0.2
1979 0.03 0.2 0.03 0.2 0.05 0.2 0.05 0.2 0.04 0.2
1980 0.03 0.2 0.03 0.2 0.04 0.2 0.04 0.2 0.04 0.2
1981 0.03 0.2 0.01 0.2 0.05 0.2 0.05 0.2 0.05 0.2
1982 0.01 0.2 0.02 0.2 0.01 0.2 0.01 0.2 0.01 0.2
1983 0.02 0.2 0.01 0.2 0.03 0.2 0.03 0.2 0.03 0.2
1984 0.01 0.2 0.00 0.2 0.02 0.2 0.02 0.2 0.02 0.2
1985 0.00 0.2 0.00 0.2 0.01 0.2 0.01 0.2 0.01 0.2
1986 0.00 0.2 0.01 0.2 0.01 0.2 0.01 0.2 0.01 0.1
1987 0.02 0.2 0.01 0.1 0.02 0.2 0.02 0.2 0.02 0.1
1988 0.01 0.1 0.02 0.1 0.01 0.1 0.01 0.1 0.01 0.1
1989 0.02 0.1 0.02 0.1 0.03 0.1 0.03 0.1 0.02 0.1
1990 0.02 0.1 0.02 0.1 0.03 0.1 0.03 0.1 0.03 0.1
1991 0.02 0.1 0.03 0.1 0.04 0.1 0.04 0.1 0.03 0.1
1992 0.03 0.1 0.04 0.1 0.05 0.1 0.05 0.1 0.05 0.1
1993 0.04 0.1 0.02 0.1 0.06 0.1 0.06 0.1 0.06 0.1
1994 0.02 0.1 0.02 0.1 0.02 0.1 0.02 0.1 0.02 0.1
1995 0.02 0.1 0.04 0.1 0.03 0.1 0.03 0.1 0.03 0.1
1996 0.04 0.1 0.03 0.1 0.05 0.1 0.05 0.1 0.05 0.1
1997 0.03 0.1 0.01 0.1 0.05 0.1 0.05 0.1 0.04 0.1
1998 0.01 0.1 0.01 0.1 0.02 0.1 0.02 0.1 0.02 0.1
1999 0.01 0.1 0.03 0.1 0.02 0.1 0.02 0.1 0.01 0.1
2000 0.03 0.1 0.03 0.1 0.05 0.1 0.05 0.1 0.05 0.1
2001 0.03 0.1 0.03 0.1 0.05 0.1 0.05 0.1 0.04 0.1
2002 0.03 0.1 0.02 0.1 0.05 0.1 0.05 0.1 0.05 0.1
2003 0.02 0.1 0.01 01 0.03 0.1 0.03 0.1 0.03 0.1
2004 0.01 0.1 0.02 0.1 0.02 0.1 0.02 0.1 0.02 0.1
2005 0.02 0.1 0.03 0.1 0.04 0.1 0.04 0.1 0.03 0.1
2006 0.03 0.1 0.04 0.1 0.05 0.1 0.05 0.1 0.04 0.1
2007 0.04 0.1 0.04 0.1 0.06 0.1 0.06 0.1 0.05 0.1
2008 0.04 0.1 0.04 0.1 0.06 0.1 0.06 0.1 0.06 0.1
2009 0.04 0.1 0.02 0.1 0.05 0.1 0.05 0.1 0.05 0.1
2010 0.02 0.1 0.02 0.1 0.03 0.1 0.03 0.1 0.03 0.1
2011 0.02 0.1 0.02 0.1 0.03 0.1 0.03 0.1 0.03 0.1
2012 0.02 0.1 0.03 0.1 0.03 0.1 0.03 0.1 0.03 0.1
2013 0.03 0.1 0.02 0.1 0.04 0.1 0.04 0.1 0.04 0.1
2014 0.02 0.1 0.02 0.1 0.04 0.1 0.04 0.1 0.04 0.1
2015 0.02 0.1 0.02 0.1 0.03 0.1 0.03 0.1 0.03 0.1
2016 0.02 0.1 0.01 0.1 0.03 0.1 0.03 0.1 0.03 0.1
2017 0.02 0.1 0.01 0.1 0.02 0.1 0.02 0.1 0.02 0.1
2018 0.02 0.1 0.01 0.1 0.02 0.1 0.02 0.1 0.02 0.1
2019 0.01 0.1 0.02 0.1 0.02 0.1 0.02 0.1 0.02 0.1
2020 0.02 0.1 0.01 0.1 0.03 0.1 0.03 0.1 0.03 0.1
2021 0.01 0.1 0.02 0.1 0.02 0.1 0.02 0.1
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Table 432 AFSC

Mastatisti®ssfrom the southern rock sole retrospeatnadyses.

Model }] SSB } Recrui 3 Fishing
17.1 0.06 -0.06 -0.11
17.1a 0.06 -0.10 -0.12
17.1b 0.05 -0.11 -0.12
21.0 0.08 -0.07 -0.11
21.1 0.09 -0.07 -0.11
21.2 0.05 0.00 -0.01
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Table 4.3. Numbes of southern rock soleemales at age from model 219ex ratio was assumed 50%.

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1977 67247 45970 34103 26428 21082 17175 14192 11796 9773 8032 6548 5308 4285 3448 2765 2212 1764 1405 1117 886 703 563 445 351 277 219 173 137 108 85 67
1978 |75608 55057 37633 27914 21618 17214 13982 11507 9521 7853 6427 5220 4219 3398 2729 2185 1746 1391 1107 879 698 553 443 350 276 218 172 136 107 85 67
1979 |78411 61902 45073 30803 22834 17654 14017 11341 9293 7655 6289 5129 4154 3350 2693 2159 1727 1378 1098 873 693 550 436 348 275 217 172 135 107 84 67
1980 |76972 64198 50677 36892 25197 18644 14371 11365 9153 7466 6124 5013 4076 3293 2650 2127 1704 1361 1086 864 687 545 432 342 274 216 171 135 106 84 66
1981 |68618 63020 52556 41480 30179 20576 15182 11657 9178 7360 5979 4888 3989 3236 2610 2097 1681 1345 1074 856 681 541 430 341 270 216 170 134 106 84 66
1982 |58332 56180 51591 43017 33928 24638 16745 12301 9400 7365 5880 4758 3877 3156 2555 2057 1651 1322 1057 844 672 535 425 337 267 211 169 133 105 83 66
1983 |61455 47758 45995 42236 35209 27754 20135 13666 10025 7649 5985 4773 3859 3142 2556 2068 1664 1335 1069 855 682 543 432 343 272 216 171 137 108 85 67
1984 |74193 50315 39099 37650 34558 28773 22633 16373 11078 8101 6163 4810 3828 3089 2512 2041 1650 1327 1064 852 681 543 432 344 273 217 172 136 109 8 68
1985 |68131 60744 41193 32008 30814 28265 23506 18462 13333 9005 6575 4995 3894 3096 2497 2029 1648 1332 1071 859 687 549 438 349 277 220 175 138 110 88 69
1986 |54845 55781 49732 33725 26202 25218 23120 19215 15080 10883 7346 5360 4070 3172 2521 2032 1651 1341 1084 871 698 559 447 356 284 225 179 142 113 8 71
1987 |73536 44903 45669 40716 27608 21445 20631 18904 15702 12315 8882 5992 4371 3318 2585 2054 1656 1345 1092 883 710 569 455 364 290 231 184 146 116 92 73
1988 |46078 60206 36762 37385 33320 22572 17506 16807 15364 12732 9964 7173 4832 3520 2669 2078 1650 1330 1080 877 708 569 456 365 292 233 185 147 117 93 73
1989 |41745 37725 49291 30096 30602 27262 18455 14298 13712 12521 10364 8104 5830 3925 2858 2166 1686 1338 1078 875 711 574 461 370 296 236 188 150 119 95 75
1990 [35961 34178 30885 40350 24628 25016 22248 15026 11611 11106 10117 8357 6524 4686 3151 2292 1737 1351 1072 863 701 569 459 369 296 237 189 151 120 95 76
1991 [48342 29442 27981 25282 33014 20124 20396 18085 12174 9376 8940 8123 6695 5217 3742 2514 1827 1383 1075 853 687 557 452 365 293 235 188 150 120 95 76
1992 (42409 39579 24104 22904 20684 26971 16401 16569 14637 9817 7535 7164 6493 5341 4156 2977 1998 1451 1098 853 676 544 442 358 289 232 186 149 119 95 75
1993 51010 34722 32401 19728 18733 16883 21940 13281 13347 11731 7830 5986 5672 5126 4208 3268 2338 1567 1137 860 668 529 426 345 280 226 182 145 116 93 74
1994 41148 41763 28425 26518 16131 15280 13714 17721 10659 10645 9302 6178 4703 4441 4003 3279 2542 1816 1216 882 666 517 410 330 267 217 175 140 112 90 72
1995 |43283 33689 34191 23269 21700 13189 12473 11170 14400 8641 8610 7509 4979 3786 3571 3216 2633 2040 1457 976 707 534 415 328 264 214 174 140 113 90 72
1996 |64148 35437 27581 27988 19039 17734 10755 10142 9054 11635 6961 6919 6022 3986 3026 2852 2566 2099 1626 1161 777 563 425 330 261 210 170 138 111 89 72
1997 |#i## 52520 29010 22573 22889 15537 14418 8701 8160 7244 9262 5517 5463 4741 3131 2372 2232 2007 1640 1269 906 606 439 331 257 204 164 133 108 87 70
1998 |####H# 85740 42996 23745 18464 18687 12644 11684 7017 6549 5788 7372 4377 4324 3744 2468 1868 1756 1577 1288 997 711 475 344 260 202 160 128 104 84 68
1999 |55062 85775 70195 35197 19431 15096 15256 10301 9497 5691 5300 4676 5946 3526 3479 3010 1984 1501 1410 1266 1034 800 570 381 276 208 162 128 103 83 68
2000 |44374 45081 70225 57465 28807 15894 12335 12446 8390 7723 4621 4298 3787 4812 2852 2812 2432 1602 1212 1138 1022 834 645 460 308 223 168 130 103 83 67
2001 |59144 36331 36906 57477 47000 23515 12929 9988 10027 6725 6161 3671 3403 2991 3791 2243 2209 1908 1256 949 891 800 653 505 360 241 174 131 102 81 65
2002 |56398 48423 29743 30207 47014 38376 19141 10481 8060 8054 5378 4909 2916 2696 2365 2993 1769 1740 1502 988 746 701 629 513 396 283 189 137 103 80 63
2003 |80274 46175 39642 24343 24705 38370 31208 15491 8437 6453 6416 4267 3880 2298 2120 1856 2346 1385 1361 1174 772 583 547 491 400 309 220 147 107 80 62
2004 (49802 65723 37802 32449 19917 20187 31284 25369 12551 6813 5105 5152 3418 3103 1835 1691 1479 1869 1102 1083 934 614 463 435 390 318 246 175 117 85 64
2005 |50456 40774 53807 30946 26557 16288 16487 25505 20641 10192 5522 4204 4163 2759 2503 1479 1363 1191 1504 887 872 752 494 373 350 314 256 198 141 94 68
2006 |16086 41310 33381 44044 25318 21697 13276 13396 20650 16653 8196 4428 3363 3324 2200 1993 1177 1083 947 1195 704 692 596 392 296 277 249 203 157 112 75
2007 |17894 13170 33819 27322 36025 20670 17657 10757 10802 16570 13303 6522 3512 2661 2625 1734 1569 926 851 743 938 553 543 468 307 232 217 195 159 123 87
2008 |24089 14650 10782 27679 22344 29397 16804 14283 8652 8639 13184 10538 5147 2763 2088 2056 1356 1226 723 664 579 731 430 422 364 239 180 169 152 124 95
2009 |36376 19722 11993 8824 22634 18228 23885 13579 11471 6907 6858 10414 8290 4036 2161 1630 1602 1056 953 561 515 450 567 334 327 282 185 140 131 117 96
2010 |62715 29782 16145 9816 7216 18470 14820 19324 10925 9178 5498 5435 8223 6526 3170 1694 1276 1253 825 744 438 402 350 442 260 255 220 144 109 102 91
2011 |31979 51346 24382 13216 8032 5898 15064 12055 15670 8832 7399 4421 4362 6589 5222 2534 1353 1018 999 658 593 349 320 279 352 207 203 175 115 87 81
2012 30821 26183 42037 19959 10814 6565 4812 12260 9783 12681 7129 5959 3554 3501 5282 4182 2028 1082 814 799 525 474 279 256 223 281 165 162 140 92 69
2013 |54881 25234 21435 34411 16332 8840 5357 3917 9955 7923 10245 5748 4796 2856 2810 4237 3352 1624 867 652 639 420 379 223 205 178 225 132 130 112 73
2014 44933 20658 17546 28151 13341 7202 4349 3168 8018 6358 8196 4586 3818 2270 2231 3359 2656 1286 686 516 505 332 300 176 162 141 177 104 102 88
2015 36785 16910 14355 22999 10873 5851 3520 2555 6445 5096 6553 3659 3042 1807 1774 2669 2109 1021 544 409 401 263 237 140 128 112 141 83 81
2016 |####e #imss 08083 30112 13836 11732 18759 8845 4745 2847 2060 5184 4091 5252 2929 2433 1444 1416 2130 1683 814 434 326 319 210 189 111 102 89 112 66
2017 |77560 87976 82843 81023 24636 11305 9564 15246 7163 3830 2290 1653 4150 3269 4190 2334 1937 1149 1126 1693 1337 647 345 259 254 167 150 88 81 71 89
2018 |48414 63501 72026 67816 66305 20142 9228 7790 12389 5807 3098 1849 1332 3341 2629 3368 1875 1555 922 903 1358 1072 518 276 207 203 134 120 71 65 57
2019 |49759 39638 51988 58961 55497 54211 16443 7518 6331 10045 4698 2502 1491 1073 2688 2113 2705 1505 1248 739 725 1089 860 416 221 166 163 107 96 57 52
2020 |57497 40739 32451 42558 48251 45375 44255 13395 6110 5134 8128 3795 2018 1201 863 2161 1698 2173 1208 1002 593 581 873 689 333 178 133 131 8 77 45
2021 |61781 47075 33352 26564 34822 39432 37005 35991 10860 4938 4137 6534 3044 1616 960 690 1725 1354 1732 963 798 473 463 695 549 265 141 106 104 68 62

64



Table 4.3. GOAnorthernrock sole SSB (t) anage0 recruit estimates from the 2Dassessent and the

referred model 22.
2017 assessment 212 (2021 preferred assessment)

Year SSB CV Rec CVv SSB CVv Rec CVv
1977 45,484  0.218 106,962 0.562 39,778  0.235 110,247 0.583
1978 44900 0.218 119,916 0.574 39,588  0.237 113,088 0.582
1979 44,267  0.218 127,793 0.566 39,435 0.238 113,638 0.575
1980 43,499  0.217 113,071 0.556 39,232  0.239 108,460 0.564
1981 42,727  0.215 104,665 0.529 39,088  0.239 105,647 0.552
1982 41,845  0.213 98,061 0.513 38,828  0.238 105,817 0.542
1983 41,932  0.205 89,764 0.508 39,461 0.231 104,717 0.541
1984 41,985  0.197 109,819 0.501 39,762  0.223 120,188 0.544
1985 42912  0.186 139,528 0.484 | 40,514 0.212 146,158 0.537
1986 44,280 0.173 136,307 0.498 | 41,502 0.200 147,955 0.558
1987 45,258  0.162 208,062 0.33 42,321  0.188 197,299 0.438
1988 45183  0.153 100,840 0.417 42,367  0.178 114,163 0.484
1989 45,009 0.144 86,682 0.36 42,680 0.166 95,433 0.427
1990 44231  0.136 93,963 0.296 | 42,572  0.156 97,278 0.376
1991 43,938 0.126 100,920 0.247 42,822  0.144 97,276 0.328
1992 44,601  0.116 82,595 0.241 43,820  0.130 81,053 0.316
1993 45,865  0.105 72,409 0.248 | 45,109 0.114 85,635 0.292
1994 47,526  0.094 107,671 0.212 46,319  0.099 125,667 0.208
1995 48,314  0.087 139,538 0.178 | 47,105 0.088 105,726 0.201
1996 47,388  0.081 137,186 0.177 46,310  0.080 111,920 0.192
1997 45522  0.078 153,088 0.168 | 44,328 0.076 181,730 0.144
1998 43,958 0.075 171,682 0.162 42,459  0.073 146,864 0.169
1999 42,715  0.072 221,981 0.137 41,152  0.070 252,705 0.129
2000 41,683  0.069 107,992 0.184 | 40,508 0.068 129,503 0.184
2001 40,959  0.067 62,825 0.218 39,860  0.067 59,257 0.222
2002 41,742  0.065 62,512 0.229 39,596  0.067 43,697 0.239
2003 43,038 0.063 112,056 0.195 39,973  0.066 89,054 0.183
2004 45,532 0.06 139,592 0.18 42,343  0.064 110,430 0.175
2005 49,351  0.056 126,834 0.178 | 45,966  0.061 130,629 0.156
2006 52,827  0.054 71,533 0.213 50,034  0.059 70,192 0.202
2007 52,878  0.055 59,389 0.225 50,698  0.058 45,928 0.216
2008 50,103  0.056 58,535 0.249 47,796  0.060 36,917 0.241
2009 46,819  0.058 98,832 0.242 43,677  0.062 61,832 0.226
2010 45,188  0.061 157,376 0.237 40,860  0.064 119,672 0.202
2011 45,555  0.062 226,533 0.223 | 40,097 0.064 173,354 0.179
2012 45,612 0.064 138,936 0.275 39,800  0.065 89,313 0.213
2013 44,204  0.067 84,364 0.383 38,322  0.066 59,653 0.261
2014 41,590 0.07 127,100 0.45 35,350 0.069 76,027 0.275
2015 39,428  0.073 113,609 0.567 32,436  0.071 125,801 0.315
2016 39,284  0.077 122,753 0.583 31,070  0.073 184,163 0.328
2017 41,831  0.083 131,118 0.604 31,992 0.076 248,679 0.359
2018 - - - - 34,438  0.079 95,889 0.510
2019 - - - - 35,354  0.083 106,621 0.578
2020 - - - - 34,903  0.087 114,129 0.601
2021 - - - - 34,605 0.093 115,216 0.604

65



Table 435. GOA southern rock sole SSB (t) aage0 recruit estimates from the 2DAssessnmd and the

referred model 21.1.
2017 assessment 21.1 (2021 preferred assessment)

Year SSB CVv Rec CV SSB CV Rec CV
1977 80,187 0.198 353,516 0.644 79,299 0.2 271,885 0.6
1978 79,183 0.197 349,040 0.647 78,302 0.2 305,688 0.6
1979 77,997 0.196 324,754 0.636 77,267 0.2 317,023 0.6
1980 76,598 0.195 329,571 0.608 76,146 0.2 311,206 0.6
1981 75,351 0.192 295,131 0.555 75,159 0.2 277,428 0.6
1982 74,497 0.188 211,277 0.535 74,281 0.2 235,840 0.5
1983 75,638 0.181 217,254 0.516 74,761 0.2 248,467 0.5
1984 78,045 0.173 274,107 0.484 75,555 0.2 299,969 0.5
1985 82,781 0.162 228,800 0.475 77,854 0.2 275,460 0.5
1986 89,110 0.15 173,086 0.482 81,618 0.2 221,741 0.5
1987 95,648 0.139 269,195 0.331 86,224 0.2 297,311 0.4
1988| 100,839 0.128 151,365 0.4 90,348 0.1 186,297 0.4
1989| 104,865 0.118 148,586 0.324 94,099 0.1 168,779 0.4
1990| 106,318 0.11 138,637 0.306 96,164 0.1 145,393 0.4
1991 105,771 0.102 182,132 0.238 97,093 0.1 195,450 0.3
1992 104,319 0.095 148,282 0.251 97,674 0.1 171,465 0.3
1993 101,946 0.088 233,209 0.191 97,617 0.1 206,237 0.2
1994 98,747 0.082 197,183 0.207 96,811 0.1 166,365 0.2
1995 96,617 0.075 199,522 0.204 96,820 0.1 174,996 0.2
1996 93,695 0.069 272,032 0.18 95,644 0.1 259,357 0.2
1997 89,208 0.066 353,310 0.162 92,434 0.1 423,405 0.1
1998 84,628 0.063 431,113 0.14 88,612 0.1 423,580 0.1
1999 81,255 0.06 211,436 0.202 85,552 0.1 222,622 0.2
2000 78,874 0.058 158,301 0.225 83,082 0.1 179,410 0.2
2001 76,594 0.057 259,935 0.177 80,106 0.1 239,126 0.2
2002 75,608 0.057 251,328 0.191 77,806 0.1 228,021 0.2
2003 75,558 0.056 320,438 0.163 76,207 0.1 324,555 0.2
2004 77,632 0.056 215,800 0.191 77,139 0.1 201,354 0.2
2005 82,221 0.054 183,365 0.188 81,276 0.1 203,998 0.2
2006 87,656 0.053 76,569 0.258 86,714 0.1 65,036 0.3
2007 91,658 0.053 96,840 0.242 90,809 0.1 72,347 0.2
2008 92,952 0.053 141,588 0.23 92,142 0.1 97,392 0.2
2009 92,549 0.053 190,688 0.234 91,572 0.1 147,069 0.2
2010 92,502 0.054 254,480 0.229 90,950 0.1 253,561 0.2
2011 93,645 0.054 122,900 0.324 91,302 0.1 129,296 0.3
2012 94,210 0.054 163,649 0.351 91,305 0.1 124,611 0.3
2013 93,032 0.054 349,492 0.376 89,865 0.1 221,889 0.2
2014 89,178 0.056 280,872 0.555 85,843 0.1 597,058 0.2
2015 84,110 0.057 219,759 0.577 80,322 0.1 499,709 0.2
2016 79,374 0.058 231,224 0.582 74,656 0.1 434,447 0.3
2017 76,053 0.06 247,039 0.603 70,198 0.1 313,584 0.4
2018 - - - - 67,830 0.1 195,741 0.5
2019 - - - - 66,671 0.1 201,178 0.5
2020 - - - - 66,364 0.1 232,467 0.6
2021 - - - - 68,399 0.1 249,785 0.60
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Table 436.Northern rock sole pregtion alternativefor model21.2, Central area

Scenarios 1 and Phax ABC is permissible

Total biomass SSB F Catch OFL ABC
2021 32,616 10,526 0.028 663 4,144 3,532
2022 35,089 11,694 0.025 663 4,691 3,999
2023 36,945 13,861 0.023 663 5,075 4,329
2024 38,268 16,299 0.158 4,529 5,309 4,529
2025 35,509 15,424 0.158 4,160 4,875 4,160
2026 33,144 14,059 0.158 3,832 4,491 3,832
2027 31,230 12,809 0.158 3,569 4,184 3,569
2028 29,756 11,808 0.158 3,368 3,948 3,368
2029 28,632 11,056 0.158 3,217 3,772 3,217
2030 27,795 10,499 0.158 3,106 3,642 3,106
2031 27,182 10,078 0.157 3,017 3,537 3,017
2032 26,736 9,778 0.156 2,938 3,445 2,938
2033 26,457 9,556 0.155 2,878 3,376 2,878
2034 26,309 9,403 0.154 2,840 3,331 2,840
2035 26,234 9,303 0.153 2,823 3,311 2,823

Scenario 3, Harvest average F over past 5 years

Total biomass SSB F Catch OFL ABC
2021 32,616 10,526 0.028 663 4,144 1,497
2022 35,089 11,694 0.025 663 4,691 1,697
2023 36,945 13,861 0.023 663 5,075 1,839
2024 38,268 16,299 0.065 1,926 5,309 1,926
2025 38,001 16,805 0.065 1,909 5,261 1,909
2026 37,583 16,628 0.065 1,880 5,182 1,880
2027 37,116 16,319 0.065 1,851 5,101 1,851
2028 36,680 16,024 0.065 1,824 5,028 1,824
2029 36,280 15,778 0.065 1,801 4,966 1,801
2030 35,935 15,576 0.065 1,782 4,912 1,782
2031 35,648 15,396 0.065 1,765 4,866 1,765
2032 35,405 15,253 0.065 1,751 4,828 1,751
2033 35,233 15,120 0.065 1,739 4,796 1,739
2034 35,124 15,009 0.065 1,732 4,774 1,732
2035 35,050 14,919 0.065 1,727 4,763 1,727




Table 436. Northern rock sole projection alternatives for model 21.2, Central @atnued

Scenario 4, the upper bound on FABC is set at F60%.
Total biomass SSB F Catch OFL ABC
2021 32,616 10,526 0.028 663 4,144 981
2022 35,089 11,694 0.025 663 4,691 1,112
2023 36,945 13,861 0.023 663 5,075 1,206
2024 38,268 16,299 0.042 1,263 5,309 1,263
2025 38,636 17,159 0.042 1,275 5,359 1,275
2026 38,771 17,320 0.042 1,277 5,367 1,277
2027 38,766 17,311 0.042 1,275 5,359 1,275
2028 38,705 17,271 0.042 1,272 5,345 1,272
2029 38,603 17,232 0.042 1,268 5,329 1,268
2030 38,492 17,198 0.042 1,264 5,312 1,264
2031 38,387 17,149 0.042 1,260 5,294 1,260
2032 38,283 17,110 0.042 1,256 5,277 1,256
2033 38,217 17,056 0.042 1,252 5,262 1,252
2034 38,188 17,005 0.042 1,250 5,253 1,250
2035 38,173 16,961 0.042 1,250 5,251 1,250
Scenario 5, No fishing
Total biomass SSB F Catch OFL ABC

2021 32,616 10,526 0.028 663 4,144 0
2022 35,089 11,694 0.025 663 4,691 0
2023 36,945 13,861 0.023 663 5,075 0
2024 38,268 16,299 0.000 0 5,309 0
2025 39,847 17,833 0.000 0 5,547 0
2026 41,102 18,681 0.000 0 5,730 0
2027 42,091 19,319 0.000 0 5,879 0
2028 42,890 19,862 0.000 0 5,999 0
2029 43,519 20,332 0.000 0 6,098 0
2030 44,021 20,734 0.000 0 6,177 0
2031 44,424 21,053 0.000 0 6,238 0
2032 44,739 21,321 0.000 0 6,287 0
2033 45,015 21,522 0.000 0 6,325 0
2034 45,264 21,680 0.000 0 6,359 0
2035 45,476 21,808 0.000 0 6,392 0




Table 4.8. Northern rock solg@rojection alternatives for model 21.2, Central area. continued.

Scenario 6, Determination of whether SRS is currently overfished
Total biomass SSB F Catch OFL ABC
2021 32,616 10,526 0.028 663 4,144 4,144
2022 35,089 11,694 0.187 4,691 4,691 4,691
2023 33,067 11,998 0.187 4,482 4,482 4,482
2024 30,966 12,339 0.187 4,175 4,175 4,175
2025 29,122 11,617 0.187 3,873 3,873 3,873
2026 27,659 10,625 0.187 3,628 3,628 3,628
2027 26,551 9,808 0.187 3,449 3,449 3,449
2028 25,753 9,215 0.187 3,321 3,321 3,321
2029 25,171 8,811 0.184 3,178 3,178 3,178
2030 24,805 8,558 0.178 3,039 3,039 3,039
2031 24,631 8,416 0.175 2,969 2,969 2,969
2032 24,552 8,352 0.173 2,936 2936 2,936
2033 24,551 8,313 0.173 2,921 2921 2,921
2034 24,600 8,298 0.172 2,921 2921 2,921
2035 24,657 8,293 0.173 2,932 2932 2,932
Scenario 7, Determination of whether SRS are approaching overfished conditior
Total biomass SSB F Catch OFL ABC

2021 32,616 10,526 0.028 663 4,144 4,144
2022 35,089 11,694 0.158 4,000 4,691 4,691
2023 33,731 12,316 0.158 3,910 4,584 4,584
2024 32,139 12,971 0.187 4,357 4,357 4,357
2025 30,031 12,162 0.187 4,016 4,016 4,016
2026 28,341 11,062 0.187 3,736 3,736 3,736
2027 27,051 10,142 0.187 3,528 3,528 3,528
2028 26,113 9,462 0.187 3,377 3,377 3,377
2029 25,426 8,989 0.185 3,245 3,245 3,245
2030 24,958 8,673 0.179 3,083 3,083 3,083
2031 24,716 8,485 0.176 2,995 2,995 2,995
2032 24,595 8,390 0.174 2,950 2,950 2,950
2033 24,570 8,333 0.173 2,927 2,927 2,927
2034 24,606 8,307 0.173 2,923 2,923 2,923
2035 24,658 8,297 0.173 2,932 2932 2,932
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Table 437 Northern rock sole projection alternatives for model 21.2, Western area. continued.

Scenarios 1 and 2, max ABC is permissible

Total biomass SSB F Catch OFL ABC
2021 61,826 23,229  0.02 663 8,815 7,444
2022 63,298 23,780  0.02 663 9,336 7,883
2023 63,974 25,821  0.02 663 9,735 8,222
2024 64,109 27,525 0.22 8,403 9,947 8,403
2025 56,985 24,249  0.22 7,348 8,697 7,348
2026 51,531 20,943 0.22 6,475 7,665 6,475
2027 47,497 18,290 0.22 5,803 6,872 5,803
2028 44,625 16,327 0.22 5,311 6,291 5,311
2029 42,589 14941 0.22 4,962 5,879 4,962
2030 41,181 13,978 0.22 4,718 5,591 4,718
2031 40,219 13,300 0.22 4,536 5,374 4,536
2032 39,562 12,850 0.22 4,388 5,197 4,388
2033 39,191 12,541 0.22 4,285 5,074 4,285
2034 39,022 12,346  0.22 4,221 4,998 4,221
2035 38,953 12,225 0.22 4,193 4,964 4,193

Scenario 3, Harvest average F over past 5 years

Total biomass SSB F Catch OFL ABC
2021 61,826 23,229 0.019 663 8,815 51
2022 63,298 23,780 0.018 663 9,336 54
2023 63,974 25,821 0.017 663 9,735 57
2024 64,109 28,343 0.001 58 9,947 58
2025 64,526 29,435 0.001 59 10,116 59
2026 64,736 29,656 0.001 60 10,193 60
2027 64,799 29,699 0.001 60 10,224 60
2028 64,802 29,717 0.001 60 10,231 60
2029 64,738 29,730 0.001 60 10,226 60
2030 64,658 29,740 0.001 60 10,215 60
2031 64,572 29,717 0.001 60 10,199 60
2032 64,471 29,697 0.001 60 10,181 60
2033 64,421 29,650 0.001 60 10,162 60
2034 64,415 29,601 0.001 60 10,149 60
2035 64,417 29,555 0.001 59 10,144 59




Table 4.3. Northern rock sole projection alternatives for model 21.2, Western area. continued.

Scenario 4, the upper bound on FABC is set at F60%.

Total biomass SSB F Catch OFL ABC
2021 61,826 23,229 0.02 663 8,815 1,960
2022 63,298 23,780 0.02 663 9,336 2,074
2023 63,974 25,821 0.02 663 9,735 2,165
2024 64,109 28,142 0.06 2,215 9,947 2,215
2025 62,572 28,073 0.06 2,173 9,748 2,173
2026 61,111 27,226 0.06 2,118 9,497 2,118
2027 59,787 26,334 0.06 2,063 9,248 2,063
2028 58,665 25,563 0.06 2,013 9,025 2,013
2029 57,704 24,930 0.06 1,970 8,834 1,970
2030 56,917 24,416 0.06 1,934 8,676 1,934
2031 56,281 23,978 0.06 1,905 8,545 1,905
2032 55,753 23,630 0.06 1,880 8,438 1,880
2033 55,375 23,327 0.06 1,861 8,351 1,861
2034 55,119 23,080 0.06 1,846 8,285 1,846
2035 54,931 22,881 0.06 1,835 8,240 1,835

Scenario 5, No fishing

Total biomass SSB F Catch OFL ABC
2021 61,826 23,229 0 663 8,815 0
2022 63,298 23,780 0 663 9,336 0
2023 63,974 25,821 0 663 9,735 0
2024 64,109 28,349 0 0 9,947 0
2025 64,578 29,472 0 0 10,126 0
2026 64,836 29,724 0 0 10,212 0
2027 64,940 29,794 0 0 10,251 0
2028 64,978 29,837 0 0 10,265 0
2029 64,943 29,871 0 0 10,266 0
2030 64,886 29,898 0 0 10,260 0
2031 64,821 29,891 0 0 10,248 0
2032 64,736 29,883 0 0 10,234 0
2033 64,699 29,847 0 0 10,218 0
2034 64,704 29,806 0 0 10,207 0
2035 64,715 29,767 0 0 10,204 0




Table 4.3. Northern rock sole projection alternatives for model 21.2, Western area. continued.

Scenario 6, Determination of whether SRS is currently overfished
Total biomass SSB F Catch OFL ABC
2021 61,826 23,229 0.02 663 8,815 8,815
2022 63,298 22,976 0.27 9,336 9,336 9,336
2023 56,107 20,791 0.27 8,280 8,289 8,289
2024 50,249 19,539 0.27 7,343 7,343 7,343
2025 45,775 17,355 0.27 6,532 6,532 6,532
2026 42,539 15,190 0.27 5897 5,897 5,897
2027 40,276 13,564 0.27 5439 5439 5,439
2028 38,763 12,450 0.27 5125 5,125 5,125
2029 37,740 11,737 0.27 4,844 4,844 4,844
2030 37,134 11,320 0.26 4579 4579 4,579
2031 36,873 11,101 0.25 4,452 4,452 4,452
2032 36,765 11,009 0.25 4,396 4,396 4,396
2033 36,778 10,958 0.25 4,373 4,373 4,373
2034 36,862 10,940 0.25 4,371 4371 4,371
2035 36,948 10,934 0.25 4,385 4,385 4,385
Scenario 7, Determination of whether SRS are approaching overfishg
condition
Total biomass SSB F Catch OFL ABC
2021 61,826 23,229 0.02 663 8,815 8,815
2022 63,298 23,119 0.22 7,883 9,336 9,336
2023 57,422 21,613 0.22 7,202 8,530 8,530
2024 52,397 20,738 0.27 7,744 7,744 7,744
2025 47,306 18,279 0.27 6,827 6,827 6,827
2026 43,602 15,868 0.27 6,108 6,108 6,108
2027 40,999 14,044 0.27 5585 5585 5,585
2028 39,246 12,781 0.27 5,224 5224 5,224
2029 38,058 11,957 0.27 4,944 4944 4,944
2030 37,310 11,450 0.26 4,642 4,642 4,642
2031 36,960 11,173 0.25 4,487 4,487 4,487
2032 36,802 11,045 0.25 4,412 4,412 4,412
2033 36,791 10,975 0.25 4,379 4,379 4,379
2034 36,864 10,946 0.25 4373 4,373 4,373
2035 36,946 10,936 0.25 4,386 4,386 4,386




Table 438. Southern rock sole projech alternatives for model 21ckentral Gulf

Scenarios 1 and 2, max ABC is permissible

Total biomass SSB F Catch OFL ABC
2021 84,046 33,628 0.01 663 14,134 11,928
2022 88,391 37,555 0.01 663 15,622 13,185
2023 94,107 43,470 0.01 663 16,853 14,229
2024 99,800 48,388 0.22 14,948 17,697 14,948
2025 92,562 46,137 0.22 13,530 16,014 13,530
2026 84,992 42,312 0.22 12,164 14,396 12,164
2027 77,699 37,727 0.22 10,977 12,992 10,977
2028 71,514 33,437 0.22 10,025 11,866 10,025
2029 66,815 30,036 0.22 9,304 11,017 9,304
2030 63,507 27,604 0.22 8,782 10,401 8,782
2031 61,291 25,960 0.22 8,413 9,966 8,413
2032 59,824 24,853 0.22 8,146 9,649 8,146
2033 58,873 24,110 0.22 7,912 9,368 7,912
2034 58,298 23,623 0.22 7,740 9,164 7,740
2035 57,962 23,305 0.22 7,638 9,043 7,638
Scenario 3, Harvest average F over past 5 years
Total biomass SSB F Catch OFL ABC
2021 84,046 33,628 0.01 663 14,134 1,367
2022 88,391 37,555 0.01 663 15,622 1,512
2023 94,107 43,470 0.01 663 16,853 1,634
2024 99,800 49,491 0.02 1,720 17,697 1,720
2025 103,041 53,496 0.02 1,755 18,010 1,755
2026 104,181 55,323 0.02 1,762 18,055 1,762
2027 103,579 55,325 0.02 1,754 17,948 1,754
2028 102,172 54,432 0.02 1,738 17,778 1,738
2029 100,699 53,383 0.02 1,721 17,593 1,721
2030 99,488 52,518 0.02 1,704 17,420 1,704
2031 98,616 51,907 0.02 1,688 17,265 1,688
2032 97,966 51,445 0.02 1,675 17,132 1,675
2033 97,478 51,078 0.02 1,664 17,017 1,664
2034 97,094 50,762 0.02 1,654 16,923 1,654
2035 96,764 50,476 0.02 1,647 16,850 1,647
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Table 438. SRS Projection alternatives continued

Scenario 4, the upper bound on FABC is set at F60%.

Total biomass SSB F Catch OFL ABC
2021 84,046 33,628 0.01 663 14,134 3,138
2022 88,391 37,555 0.01 663 15,622 3,469
2023 94,107 43,470 0.01 663 16,853 3,749
2024 99,800 49,313 0.06 3,945 17,697 3,945
2025 101,270 52,240 0.06 3,948 17,673 3,948
2026 100,761 52,981 0.06 3,893 17,402 3,893
2027 98,727 51,993 0.06 3,810 17,018 3,810
2028 96,144 50,258 0.06 3,721 16,614 3,721
2029 93,737 48,526 0.06 3,637 16,240 3,637
2030 91,799 47,117 0.06 3,564 15,916 3,564
2031 90,361 46,073 0.06 3,502 15,646 3,502
2032 89,278 45,273 0.06 3,452 15,424 3,452
2033 88,464 44,646 0.06 3,410 15,243 3,410
2034 87,836 44,134 0.06 3,377 15,098 3,377
2035 87,328 43,704 0.06 3,352 14,989 3,352

Scenario 5, No fishing

Total biomass SSB F Catch OFL ABC
2021 84,046 33,628 0.01 663 14,134 0
2022 88,391 37,555 0.01 663 15,622 0
2023 94,107 43,470 0.01 663 16,853 0
2024 99,800 49,627 0.00 0 17,697 0
2025 104,412 54,472 0.00 0 18,271 0
2026 106,878 57,177 0.00 0 18,569 0
2027 107,477 58,012 0.00 0 18,696 0
2028 107,104 57,859 0.00 0 18,730 0
2029 106,494 57,443 0.00 0 18,720 0
2030 105,995 57,111 0.00 0 18,693 0
2031 105,708 56,949 0.00 0 18,658 0
2032 105,534 56,857 0.00 0 18,622 0
2033 105,431 56,794 0.00 0 18,586 0
2034 105,353 56,725 0.00 0 18,554 0
2035 105,266 56,636 0.00 0 18,532 0
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Table 4.38 SRS Projection alternatives continued

Scenario 6, Determination of whether SRS is currently overfished

Total biomass SSB F Catch OFL ABC
2021 84,046 33,628 0.01 663 14,134 14,134
2022 88,391 36,448 0.27 15,622 15,622 15,622
2023 82,804 36,079 0.27 14,685 14,685 14,685
2024 78,327 35,915 0.27 13,578 13,578 13,578
2025 73,663 34,504 0.27 12,386 12,386 12,386
2026 68,693 31,816 0.27 11,264 11,264 11,264
2027 63,889 28,542 0.27 10,327 10,327 10,327
2028 59,927 25,569 0.27 9,618 9,618 9,618
2029 57,091 23,356 0.27 9,118 9,118 9,118
2030 55,261 21,920 0.27 8,728 8,728 8,728
2031 54,210 21,103 0.26 8,252 8,252 8,252
2032 53,808 20,731 0.25 8,006 8,006 8,006
2033 53,749 20,593 0.25 7,909 7,909 7,909
2034 53,836 20,559 0.25 7,882 7,882 7,882
2035 53,958 20,565 0.25 7,892 7,892 7,892

Scenario 7, Determination of whether SRS are approaching overfished conditio

Total biomass SSB F Catch OFL ABC
2021 84,046 33,628 0.01 663 14,134 14,134
2022 88,391 36,637 0.22 13,185 15,622 15,622
2023 84,631 37,252 0.22 12,691 15,036 15,036
2024 81,564 37,751 0.27 14,199 14,199 14,199
2025 76,209 36,044 0.27 12,875 12,875 12,875
2026 70,631 33,052 0.27 11,637 11,637 11,637
2027 65,317 29,492 0.27 10,604 10,604 10,604
2028 60,951 26,272 0.27 9,818 9,818 9,818
2029 57,808 23,861 0.27 9,260 9,260 9,260
2030 55,754 22,272 0.27 8,862 8,862 8,862
2031 54,517 21,329 0.26 8,360 8,360 8,360
2032 53,975 20,864 0.25 8,068 8,068 8,068
2033 53,832 20,667 0.25 7,941 7,941 7,941
2034 53,871 20,596 0.25 7,896 7,896 7,896
2035 53,969 20,581 0.25 7,898 7,898 7,898
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Table 4.3. Southern rock sole projection alternatives for model 21.2 continued western Gulf
Scenarios 1 and 2, max ABC is permissible

Year Total Biomass SSB F Catch OFL ABC
2021 72,453 32,477 0.00 41 13,427 11,325
2022 75,346 35,559 0.00 41 14,667 12,370
2023 79,524 40,429 0.00 41 15,662 13,213
2024 83,780 44197 0.28 13,749 16,289 13,749
2025 75,696 40,891 0.28 12,059 14,284 12,059
2026 68,036 36,539 0.28 10,558 12,507 10,558
2027 61,138 31,847 0.28 9,333 11,057 9,333
2028 55,574 27,707 0.28 8,401 9,956 8,401
2029 51,540 24567 0.28 7,729 9,163 7,729
2030 48,822 22,415 0.28 7,263 8,613 7,263
2031 47,087 21,022 0.28 6,947 8,241 6,947
2032 45,984 20,127 0.28 6,717 7,966 6,717
2033 45,312 19,560 0.27 6,517 7,727 6,517
2034 44,957 19,210 0.27 6,387 7,573 6,387
2035 44,773 18,994 0.27 6,316 7,488 6,316
Scenario 3, Harvest average F over past 5 years

Total Biomass SSB F Catch OFL ABC
2021 72,453 32,477 0.00 41 13,427 33
2022 75,346 35,559 0.00 41 14,667 36
2023 79,524 40,429 0.00 41 15,662 39
2024 83,780 45,440 0.00 40 16,289 40
2025 86,690 49,002 0.00 41 16,579 41
2026 87,802 50,639 0.00 41 16,634 41
2027 87,390 50,663 0.00 41 16,561 41
2028 86,279 49,906 0.00 41 16,437 41
2029 85,127 49,029 0.00 41 16,302 41
2030 84,205 48,329 0.00 40 16,175 40
2031 83,574 47,859 0.00 40 16,063 40
2032 83,118 47,519 0.00 40 15,965 40
2033 82,787 47,255 0.00 40 15,880 40
2034 82,544 47,028 0.00 39 15,808 39

2035 82,329 46,817 0.00 39 15,753 39




Table 439. Southern rock sole projection alternatives for model 21.2 contiwastérn Gulf

Scenario 4, the upper bound on FABC is set at F60%.

Total Biomass SSB F Catch OFL ABC
2021 72,453 32,477 0.00 41 13,427 2,955
2022 75,346 35,559 0.00 41 14,667 3,226
2023 79,524 40,429 0.00 41 15,662 3,450
2024 83,780 45,132 0.07 3,597 16,289 3,597
2025 83,822 46,867 0.07 3,535 15,980 3,535
2026 82,329 46,708 0.07 3,431 15,490 3,431
2027 79,706 45,123 0.07 3,313 14,947 3,313
2028 76,816 43,024 0.07 3,200 14,433 3,200
2029 74,282 41,075 0.07 3,101 13,988 3,101
2030 72,301 39,534 0.07 3,018 13,620 3,018
2031 70,860 38,405 0.07 2,951 13,322 2,951
2032 69,791 37,556 0.07 2,897 13,084 2,897
2033 69,001 36,905 0.07 2,854 12,894 2,854
2034 68,420 36,388 0.07 2,820 12,745 2,820
2035 67,961 35,966 0.07 2,794 12,634 2,794

Scenario 5, No fishing

Total Biomass SSB F Catch OFL ABC
2021 72,453 32,477 0.00 41 13,427 0
2022 75,346 35,559 0.00 41 14,667 0
2023 79,524 40,429 0.00 41 15,662 0
2024 83,780 45,443 0.00 0 16,289 0
2025 86,722 49,027 0.00 0 16,586 0
2026 87,865 50,685 0.00 0 16,647 0
2027 87,481 50,729 0.00 0 16,580 0
2028 86,393 49,989 0.00 0 16,461 0
2029 85,260 49,127 0.00 0 16,330 0
2030 84,353 48,439 0.00 0 16,207 0
2031 83,736 47,980 0.00 0 16,098 0
2032 83,290 47,647 0.00 0 16,002 0
2033 82,967 47,391 0.00 0 15,919 0
2034 82,730 47,169 0.00 0 15,848 0
2035 82,521 46,963 0.00 0 15,795 0
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Table 4.3. Southern rock sole projection alternatives for model 21.2 continued western Gulf

Scenario 6, Determination of whether SRS is currently overfished
Total Biomass SSB F Catch OFL ABC
2021 72,453 32,477 0.00 41 13,427 13,427
2022 75,346 34,347  0.34 14,667 14,667 14,667
2023 68,306 32,642 0.34 13,299 13,299 13,299
2024 63,103 31,517 0.34 11,938 11,938 11,938
2025 58,319 29,554 0.34 10,628 10,628 10,628
2026 53,666 26,690 0.34 9,484 9,484 9,484
2027 49,419 23,523 0.34 8,586 8,586 8,586
2028 46,074 20,802 0.34 7,943 7,943 7,943
2029 43,798 18,873  0.34 7,513 7,513 7,513
2030 42,408 17,693  0.33 7,137 7,137 7,137
2031 41,712 17,091 0.32 6,765 6,765 6,765
2032 41,515 16,863  0.31 6,601 6,601 6,601
2033 41,552 16,811 0.31 6,553 6,553 6,553
2034 41,686 16,824  0.31 6,551 6,551 6,551
2035 41,815 16,852  0.31 6,570 6,570 6,570
Scenario 7, Determination of whether SRS are approaching overfished condit
Total Biomass SSB F Catch OFL ABC
2021 72,453 32,477  0.00 41 13,427 13,427
2022 75,346 34,549  0.28 12,370 14,667 14,667
2023 70,049 33,831 0.28 11,525 13,666 13,666
2024 66,068 33,299 034 12,561 12,561 12,561
2025 60,548 30,990 0.34 11,096 11,096 11,096
2026 55,293 27,800 0.34 9,827 9,827 9,827
2027 50,570 24,345 0.34 8,829 8,829 8,829
2028 46,865 21,389 0.34 8,111 8,111 8,111
2029 44,329 19,279  0.34 7,627 7,627 7,627
2030 42,758 17,963  0.33 7,262 7,262 7,262
2031 41,903 17,248  0.32 6,841 6,841 6,841
2032 41,608 16,949 0.31 6,641 6,641 6,641
2033 41,591 16,854  0.31 6,570 6,570 6,570
2034 41,697 16,843 0.31 6,557 6,557 6,557
2035 41,815 16,858  0.31 6,571 6,571 6,571
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Figure 4.2. Fits to the southern rock sole fishery and survey size composition data aggoygayedrs
by sex (female, top row; males, bottom row) and area.
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