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Introduction

The GOA rock sole stock assessment data and modekwiasved by the Center for Independent Experts
(CIE) in April, 2021. This documerdttempts to respornd somesuggestions made duritige CIE

review as well as other data and model explorations.

One reviewer prioritized the research assessments nedts f8BOA rock soles as follows:

il mprovements in modelling growth are necessary
assessments, though it is more important for the Northern rock sole assessment. The review was able to
identify some ptential causes based on the data, but a resolution requires further work, both to determine
the actual cause and the development of models to facilitate such hypothesis. An appropriate interim
measure may be to move to aggsed selection using the intallg consistent survey age information as

the basis.

Selectivities have comparatively few parameters in this model when compared to other models. Despite
this there is still some tendency for parameters not to be uniquely identifiable. This could db¢éhéue t
poor modelling of growth, but the fishery represents a single fleet using trawls within a confined space;

so,itisnotcleartomewhyadommehaped selection is o6likelyd as st

especially since the survey uses a singkar and is modelled as a monotonic function. Some efforts to
simplify selectivity may still be necessary after growth is modelled more appropriately and definitely
required if the latter cannot be adequately resolved.

The survey data for Northern rocksghow some internal inconsistencies with regards to year effects.

The model is currently picking those up and interpreting them as residuals so it is not a big issue.
However, it may be advantageous to develop a rioaletd index for this species thagttithen

potentially account / explain why these effects occurred. This would reduce overall model uncertainty and
potentially aid convergence further. o

The second reviewer made the following suggestions:

AThe jitter anal ysi sulkbe edfiedthatfos both stacks hé moelad returmsn d it

estimates of the quantities of interest (spawning stock biomass, fishing mortality, and recruitment) that are
the same for all model runs diagnosed as converged (from a number of different stéwény Based

on the retrospective runs, the sensitivity runs, and the MCMC diagnostics this is not expected to be a
problem (but it should be verified). If it turns out to be a problem, it can likely be isolated to a few
parameters, and it should hopefullgt be too difficult to identify and solve (restrict or eliminate affected
model parameters).

Since the fit to the conditional ageélength is problematic (as seen in figures 4.18 and 4.33) and there
could be more general problems with the use of thia type that extends outside this assessment (Lee et
al. 2019) it could be considered to use the age compositions data directly in the assessment model.
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The assumed 50/50 split giving the exact same catch series in both assessments, which is dundecbr ass

to be without observation noise, does sound problematic. At the very least it will underestimate the added
uncertainty originating from split. A first step could be to allow some uncertainties in the catch time series
to capture this uncertainty. Adg-term goal could be to develop a joint model for the two stocks where

the split fraction (process) was estimated internally. Such a model would capture the correlated coupling
in the two catches (that they have to sum to the total catch).

The untraviable areas seem to be an important issue for these assessments. Currently it is assumed that
rock sole is equally abundant in trawlable and untrawlable areas in the survey calculation, and again when
fixing the catchability parameter to 1 in the modelisTik a strong and as far as | have heard, it is an
unsubstantiated assumption. Relative abundance in the untrawlable is currently being researched and this
research should be encouraged. Further it could be investigated if it is possible to estinnateyhe s
catchability within the model (possibly at the <co

Data

Fishery

Rock sole are caught in the shallgvater flatfish fishery and are not targeted specifically, as they co

occur with several other species. Theksole species were differentiated in survey data beginning in

1996, and were differentiated in the fishery observer data beginning in 1997. Data for more recent years
have the species |isted as nort her oea6adiltnorttkeonut her n
and southern rock sole are difficult to differentiate visually (Orr and Matarese, 200M)al rock sole

catch statistics are undifferentiated aheré is considerable uncertainty about the fraction of annual rock

sole catch that isorthern or southern rock sole.

Rock sole catch has been variable overtime, with a peak of 8,112 tin 1993 and secondary peak of 7,269 t
in 2008 Figurel). Catch haswveraged 3000 t per year since 2010. On average 97% of the annual catch is
caught in NMFS areas 620 and 630, with the majority of the catch from area 630 (around Kodiak).
Approximately 3% of the annual catch is from area 610 (Shumagin).

Speciesspecific ishery length composition daleve been available since 199&d used in the
assessment. The raw length composition data from the FMA observer program were used in previous
assessments and these data were updated to be extrapolated by the numitsebidiehange was

minor (Figure5 andFigure6).

Survey

The NMFS GulfofAl aska groundfi sh survey conducted by the
Conservation Engineering (RACE) division was a triennial survey from 1984 until 1999 and then biennial

from 2001 until present. The available data include biomass estimates byagdacbmposition data,

age composition data, and conditional-aggeength data. Northern and southern rock sole were not
differentiated until 1996. After 1996, observed rock sole were classified as northern, southern, or

unidentified rock sole.

Northemn rock sole survey biomags1996 was 78,845 t andcreased to a peak 102,641 in 2007

(Figure2, topleft panel). After 2007, survey biomass consistently declioedlow of 389,875 t 2019

and represents@l% declinefrom the 2007 estimatdhe peak in total NRS biomass matches the peak in
the western GOA, where on average 62% of biomass is fétigudré2, bottom panel). NRS biomass
declined by 58% between 2007 and 2015 and has remained relatively stable as of 2019. Biomass in the
Central GOA peaked in 2009 and has declined by 70% as of 2019.



Survey biomass was alsgtimatedusingthe vector autregressive spatitemporal YAST) program

(Thorson and Barnet?019. This was encouraged by the CIE ewversas mentioned in the introduction
The VAST estimatewerecreated using adfssonlink delta model with a gammaservation error
distribution Density was extrapolated from 750 knots to the entire GOA using alefeed

extrapolation gridTheextrapolation grid excludeggions deepahan 700m, but observations greater

than 700m were used to inform edeggimates. Geometric anisotropy was estimated to model the decline
in directional correlation.

The mean estimates and overall trendsdrthern rock solbiomass are similar to the desigased
estimate Figure 3, top panel). The main difference between the two estimators is that the uncéstainty
lower from the VAST estimator than the design based index.

Southern rock solsurvey biomass in 1996 was 127,390 t andeiased to a peak of 191,765 t in 2009
(Figure?2, top right panel). Biomass declined by 37% in 2011deadined by 48% between 2009 and
2019.The peak in total biomassatches a peak in the central and western GOA, where on average 52%
and 43% of southern rock sole biomass is foufigure 2, bottom right panel). Biomass in the central

GOA has remained relatively stable since 2011, whereas biomass increased slightly in the western GOA
between 2011 and 2015 and then declined.

The trend in the VAST time series is similar to the debigsed estimates between 1996 and 2007
(Figure3, bottom panel)The two deviaten 2007. The VAST time series peaks in 20@ddthe design
based time seriggeaks in 2009Both decline to the same point in 20drid have shilar trends between
2011 and 2017The biggest deviation between the two is in 2019, where the deaggu estimate
declines and the VAST estimate increases ansldatside of thalesignbasecdtonfidence intervalsThe
decline in thedesignbased total biomass time series is driven by the decline in the wester(RigDre
2, top right panel).

Survey length composition data are showhigure5 andFigure6. Conditional ageatlength data are
also available from the survey ansked in the assessment to help estimate the von Bertalanffy growth
parameters within the modédlhese data are shownhigure 7-Figure 10.

The age error matrix was updated from paired age readings for northern and southern siRgible
method proposed iRunt et al. (2008)I'his was implemented using the/fscAgeingErropackage in
Program R, which is a stepwise model selection progidmrson et al2019. Several models were
compared and AIC was used to determine the best model from which the age error matrix was chosen.
The models that were considered included: 1bjased estimator with curvilinear standard deviation, 2.)
unbiased estimator with constant G\hd3.) biased with curvilineastandard deviatiariThe model with

the lowest AIC, was unbiased with curvilinear standard devi&bionorthern rock sole and biased

with constant CV for southern rock sofecomparison of thepdatedage error matriceand those used

in previous assessmeraie shown irFigurell. The previosgly used age error matrices assumed a
constant C\and the standard deviatiomcreass linearly with age.

Analytical approach

Model structure

The assessment was sgpecific statistical catch at age model implemented in Stock Synthesis3 (SS3,
Methot and Wizel 2013). The age classes included in the model run from 0 to 30, with 30 being a plus
group. Age at recruitment is set at 0.



Themost recently accepted assessment mddel)was asexspecific,two fleet model (i.e fishery and
survey) Fleet and sespecific selectivity was modeled using the doutdemal function, which allowed

for domeshaped fishery selectiviturvey selectivity was forced to follow a logistic pattern while using
the doublenormal functionThe parameters associated with thecd@ding side of the double normal and
the selectivity of the final size bin were fixed to accommodate this assumption. Male selectivity was
estimated as an offset of female selectivity. When using a double normal pattern, five additional
parameters arequired to differentiate from the opposite sex. These parameters offset the female peak,
ascending and descending limbs, and the selectivity at the final length bin. An additional parameter
represents the apical selectivity for magsgrvey catchability w&s set equal to 1.

Growth was assumed to follow thken Bertalanffy growthrelationship with separate growth curyes
females and male3he parameters weestimated internal to the modeding conditional agatlength

data from the surveyemale natural mortality was fixed and equal to 0.2 and male natural mortality was
estimated. Age based maturity was a fixed input ve&igu(e4).

The stock recruitment relationship was an average level of recruitment unrelated to stock size. Two of the
stockrecruit parameters were fixed. Steepness was fixed equal to 1 in all model configurations,
recruitment var a b i rlwastfiyed equal to 0.6. Unfished recruitmens)(&1d the R1_offset parameter,

which adjusts the starting recruitment relative govMRere estimated within the model. Annual

recruitment deviations were estimated for the full time period.

Data weighting within the model was according to the specified standard errors or input sample sizes. The
survey biomass data were weighted according to the specified standard error from theakesign

survey estimates. Input sample for the fishery andeguiength composition data was the number of

sampled hauls and the input sample size for the survey conditionat gegth data was the product of

the number of samples per length bin and year and the ratio of the total number of hauls per year and
sanples per year.

Several runs were completed to show the effect of several minor changeprevibasly accepted
model. These included updated fishery length composition data (17.1a), modified rseninpééd size of
the conditionahgeat length datal(7.1b), and the updated ageor matrix (17.1c)The input sample size
for the conditional agatlength data can be less than one. The default minimum input sampie Si28
is one; therefore, any value less than one was set equal to one in theckzpstd assessment model.
This was corrected.

2-area mode(Northern rock sole only)

The CIE reviewersotedtherelatively poor fitto theoverallsurvey length composition data
bifurcation in the conditional agelength data, and theesidual paerns in theit to the conditional age
atlength data suggesting two growth curf@snorthern rock soleH{gure 13, Figure14). A 2-area model
with separate growth curves for each astailar to the GOA rex sole assesnt (McGilliard 2017),
was exploredn an attempt to address thessues

An evaluation of the aglength data suggest thitiere aralifferences in northern rock sageowth and
southern rock sole growtietween the western and Central G@Ag(re15andFigurel6). The
fishmethods packag®4.0.5, Nelson, 2021in Program R was esl to externally estimate the von
Bertalanffy growth parameters antbdel selectionThedata from Yakutat and Sor southern rock
sole)were combined with Chirikof and Kodias part of theentral GOA Several models were
considered and includel.)growth parameters wesgjualfor the two area2.) all growth parameters



differed, 3.) asymptotic length was set equal, 4.) the growth coefficient was set equal, and 5.) the
theoretical age at which length is zets) yas set equal.

The AIC results arpresented iTablel. The model where all growth parameters differ among areas has
the lowest AIC for northern rock sole agiven the delta AlGhere is strong suppdidr this modelfor
northern rock sole female$dblel). Differences in growth are also supported for male northern rock
sole, but a model with the von Bertalanffy growebefficient set equal inothareas is also supported.

The model with the lowest AIC for southern rock sole is the model whetggbhemeter is set equal
among areasT@ablel); howeverthe model with overall growth differencamong areas and the model
where the von Bertalanffy growth coefficient is set equal are also suppbinisGuggests there is some
difference between the areas for southern rock sod®mparison of the growth curves from model 17.1
and the externally estimated growth curves from the models with lowest AIC are shiéguargil7. The
growth curve estimated by model 17.1 is more similar to the externally estimated relationship in the
western GOA for both females and males, while therenigtable difference betweehe relationship$or
both female and male northern rock sol¢hie Central GOAKigure17 top panels)The latter is true for
southern rock sole as well, while there is a greater difference in the externally estimated relationship i
the central GOA for femalegigure17 bottom panels).

The2ar ea, fAgrowth morpho model was explored for onl
difference in e growth relationship of this specid@$ie two areas the modelepresented thWestern

GOA and Central GOA and thersey and fishery data were split according to area and input separately

in the model. 8rveyselectivity differed between sexes and western selectivity mirror survey

selectivity in the central GOA. Survegatchability was set equal to 1 for both aréame-invariant

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

Additionalmodelruns

Additional model runs included estimating the catchability (171.e), using VAST biomass estimates as a
data input in place of the desigpasedsurveybiomass estimates (17.1f), as well as an exploration of
iterative reweighting approaches (17%jLgA summay of model descriptions can also be found able2
andTable5. Reasons for these model runs are provided in the discussion of the results.

Results
Northern rock sole

Including the updated fishery length composition data f)7ed to negligible changelativeto model

17.1 Figurel2). Modifying the input sample size of the conditional-ag#ength data resulted in some

change, where SSB &lightly higher early in the time series, but well within the confidence intervals of
model 17.1. Model 17.1c incorporated the combined changes of 17.1a and 17.1b and model 17.1d was the
sames model 17.1c but included an updated age error matrix. Taedpdieerror matrix had little

effect onmodel results.

2-area model

Initial model runs indicated that when estimating growth, selectivity, and the recruitment distribution
parameter, the model estimated the distribution parameter at the lower bowddicuated the western
GOA growth parameters with unreasonably large standard errors (i.e., e+02 to e+05). The ability to
estimate the recruitment distribution parameter is crucial to this model, since this is how the model
distributes the population amotige areas. Many subsequent runs were completed and included:



1. Fixing the growth parameters to the external estimates and the distribution parameter to the ratio
of survey biomass in the west and survey biomass in the central GOA and estimate selectivity.
This was done to obtain selectivity parameter estimates that were fix in the subsequent model
runs.

2. Fixing the growth parameters to the external estimates and the selectivity parameters to the
estimates from run 1 and estimate the distribution parameter

3. Thesame as 2 with a normal prior on the distribution parameter. The prior mean was the ratio of
survey biomass in the west and survey biomass in the central GOA and the standard deviation
was set equal to 3, a weak prior.

4. Run 3, but estimate growth parametierevaluate whether the growth parameters could be
estimated.

The distribution parameter was estimated at the lower bound when freely estimated (run 2), effectively
estimating a single area model. The model fits are summarizégure 18-Figure23. Most notably the
mean age of the western GOA is grossly underestimiigdré23). The model fit to the data were

similar for all the above mentioned model runs. When a weak prior was placed on the distribution pattern
the parameter estimate moved avirayn the lower bound, but was still quite low-at364, which is

equal to approximately 10% of the recruitment is in the western GOA, whereas almost 62% of survey
biomass is in this area. When the growth parameters were estimated with a weak prialisiritibgon
parameter or with the distribution parameter fixed, the growth parameters associated with the western
GOA were not estimated. The parameter values did not move from the initial values and the standard
errors were unreasonably large. At thisgi we cannot move forward with thisaPea model given the
aforementioned reasons and the fact that the fits to the data were not improved.

Additional modefuns

The CIE reviewers suggested estimating catchability in the model rathexsthaming that catchability is

equal to 1. This suggestion was made in reference to the uncertainty about rock sole inhabiting

untrawlable habitats and are therefore not survelyedever, the survey estimates are expanded across

all habitat This suggestthat catchability is not equal to 1. However, there is evidence that rock sole

escape the survey net by swimming underneath the net, more so northern rock sole than southern rock

sole. These competing processes could have opposite impacts on the sehagyilitgt The model was

run while freely estimating catchability (17.1e). When estimating catchability in the model, this parameter

was estimated to be 2.97, indicating biomass is lower than when assuming catchability is equal to 1. At

this time is it dificult to definitively say that catchability should be lower or higher than 1 and the
authordéds do not recommend estimating catchability

The CIE reviewers recommended that a mdmdeded index be explored for reasons mentioned in the
introducton. A VAST index was developed and the model was run with this input (17.1f). Lastly, the
data weighting implemented within the model has been previously questioned, especially for the
conditional ageat-length data by the SSC. The McAllistemelli and Fancis iterative reweighting
approaches were explored for models 17.1d and 17.1f.

The model run with the VAST biomass estimates @) had a larger RMSE value associated with the fit

to the index compared to the other model runs, suggesting a potoghétbiomass datdéble?2,

Figure24). This is mainly driven by the poor fit the peak of the VAST index. Francisweighting

(17.1h and 17.1j) led to a better fit to the survey biomass estimates with lower RMSE values and survey
likelihoods, as would be expected. This led to poorer fit to the conditionaltagegth data; howesr,

the fit to the length composition data improvadlfle2, Figure25). It shoud be noted that the total



likelihood was generally larger when less weight was placed on the conditiorattlaggth data, which
includes all model runs other than 17.1a, 1-4.1c

Survey selectivity was estimated fairly consistently by each modeFigar€26). Fishery selectivity for
both females and males was more variable among the model runs. The peak of the female and male
fishery selectivity curves were at a ahularger size for model runs using the variance adjustments
estimated by the iterative reweighting approaches. Additionally the width of the plateau was greatly
reduced for the female fishery selectivity cumedel runs using the variance adjustmentditeato the
selectivity on fish smaller than 60cm was greatly reduced. A similar pattern is seen in the male fishery
selectivity curve, reducing the selectivity of fish less than ~45cm. However, the estimated male fishery
selectivity by models 17.1g and.1f were asymptotic, while all others estimated some dorRiggre

26, right panel).

The estimated growth curvasso differedamong the modelins. Namely, when the viance adjustments
from the reweighting approaches were implemeniédsled to lower estimates of asymptotic growth
and higher growth coefficienE{gure27). Female natural mortality is fixed in the model and remains
unchanged, while male natural mortality is estimated. Male natural movtalislightly higher when the
variance adjustments were implemented and when the VABiTass estimates were usedhatatanput
(Tabled).

In general, models with greater weight on the survey biomass and length composition data started and

ended with lower SSB and higher fishingmality than the models placing greater weight on the

conditional ageat-length dataKigure28). This is expected as the models are more closely following the

trends h the survey biomass time series. A retrospective analysis was conducted for many of the models.
Table4 andFigure29s ummar i ze the results for select model r
assessment and models 17.1d and 17.1f are within the acceptable range given the rule of thumb suggested
by HurtadeFerroet al. 015. The analysis shows that the retrospective pattern can be improved by

better fitting the survey biomass data. Although this was done throughedaighting, thisalsosuggests

that better understanding of survey catchability as it relates to escamardanitrawlable habitat is

needed.

Southern rock sole

The model that included the updated fishery length composition data (17.1b) better fit the age
composition data, while the fit to the length composition data degraded and the fit to the survey data wa
similar to the 2017 assessmenable5). Modifying the input sample size of the conditional-agength

data resulted in almost no change to the results and tlageapagesrror matrix had little effect on model
results when compared to 17.0table5Table6, Figure30-Figure35). A model run estimating

catchability (17.1e) was completed and catchability was estimated to be 1.2. The resulting model fits to
the data, estimated growth and selectivity were similar to 17.1d.

Lengthbased survey selectivity was consistently estimatezhgrthe modelsHigure32). Fishery

selectivity was more variable among the models, similar to northern rock sole. The introduction of the
updated age error matrix anding VAST biomass estimatshkifted the peak of the female fishery

selectivity curve to a larger size, whereas for males the selectivity curves were similar for models 17.1
17.2e Figure32). Models using the variance adjustment values from the iterative reweighting approaches
shifted the peak of both the female and male selectivity curves toward larger sizes and for males they
were less dome@omparing the age compasit likelihoods to the length composition likelihoods

within individual models, the length composition data were better fit than the conditiorattlaggth

data when reweighting was used as compared to the base modé&lable$). This helps to explain the



shift in selectivity and indicates that there is a conflict between these two data sbhecisnale and
male growth curves were similar among madek 17.117.1f (Figure33). In comparison,ite
asymptotic lengththe length at the minimum agend the standard deviation at young ageie larger
and the growth coefficiersind standard deviation at older agesesmaller when the variance
adjustments through iterative reweighting were used in the mddé&d. natural mortality was estimated
and was similar among the models.

Aretrospet i ve analysis was completed. The Mohndés rho
runs Table7). Mo hn 6 s r twas minimize8 \8hBn the VAST biomass estiesawere used as a data

input, while estimatingcathabi | ity minimized the Mohnbés rho in f
Conclusions

Many model runs were completed for northern and southern rock sole saréa odel was explored

for northern rock sole. There arevitius differences in growth between the western and central GOA, but
at this time it is not feasible to use thar2a model. We recommend moving forward with the base model
17.1 with the update age error matnith Francis reweightingpr the assessmeat northern rock sole.

We also recommend using the base model 17.1 with the updated age error matrix and VAST survey
biomass estimates for the assessment of southern rock sole. These recommendations are based on the
model fit to the datathe likelihood reults, as well at the retrospective analysis results
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Tables
Tablel. AIC results comparing growth models externally estimated from the assessment model.

Species Sex model rss AIC Delta AIC
NRS Female Growth [ 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 Growth | 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 -
Growthi 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 -
Growthi 22935.9 11435.6 11
LD = 22957.6 11435.7 1.2
vbK = 22965.3 11436.4 1.9
Growth = 23804.6 11511.6 77.1




Table2. Northern rock soleModel run number andlescription index RMSE, likelihood @amponents and

total likelihood.

Likelihood

Model Model description Index RMSE| Survey Age comp Catch Length comp Recruitment Total

17.1 2017 assessment 0.18 -11.92  727.65 0.00 298.59 -11.97 1006.19
17.1a Minimum sample size fix for CAAL 0.19 -11.25  431.52 0.00 294.60 -12.61 706.06
17.1b Updated fishery length comp 0.19 -11.17  727.62 0.00 463.72 -11.07 1172.82
17.1c Combination of a and b 0.20 -10.43  431.99 0.00 459.55 -11.71 873.10
17.1d Updated age error matrix 0.20 -10.32 430.85 0.00 458.79 -11.54 871.48
17.1e d plus estimate catchability 0.19 -12.14  436.35 0.00 448.70 -11.40 863.07
17.1% d plus VAST survey biomass 0.20 -4.74 430.53 0.00 462.06 -7.91 883.80
17.1g d and McAllister-Ianelli reweighting 0.23 -6.42 1902.14 0.00 839.72 -9.52 2730.67
17.1h d with Francis reweighting 0.15 -15.47  1503.92 0.00 103.45 -10.65 1584.80
17.11 f with McAllister-Ianelli reweighting 0.22 0.14 1903.82 0.00 840.60 -6.31 2743.08
17.1j f with Francis reweighting 0.16 -12.39 144891 0.00 98.73 -6.89 1531.98

Table3. Northern rock soleGrowth parameter and natural mortality estimates for the individual model

runs.

Model Model description Sex L_a_Amin Linf K CVmin CVmax Natural mortality
17.1 2017 assessment Female 10.80 42.66 0.23 2.18 7.50 0.20

17.1d Updated error matrix Female 11.04 42.73 0.23 2.08 7.27 0.20

17.f d plus VAST index Female 10.83 42.16 0.24 2.11 7.14 0.20

17.1¢g d and McAllister-TIanelli reweighting Female 10.41 41.05 0.25 2.46 6.52 0.20

17.1h d with Francis reweighting Female 9.45 41.57 0.26 2.97 5.80 0.20

17.11 f with McAllister-Ianelli reweighting Female 10.36 41.02 0.25 2.47 6.51 0.20

17.1j f with Francis reweighting Female 9.40 41.60 0.26 2.98 5.78 0.20

17.1 2017 assessment Male 10.55 37.18 0.27 2.23 5.52 0.25

17.1d Updated error matrix Male 11.22 37.74 0.26 1.86 5.55 0.25

17.f d plus VAST index Male 11.30 37.49 0.26 1.82 5.61 0.26

17.1¢g d and McAllister-Ianelli reweighting Male 10.43 35.10 0.31 2.18 4.78 0.26

17.1h d with Francis reweighting Male 9.17 35.72 0.33 2.87 3.99 0.26

17.11 f with McAllister-Tanelli reweighting Male 10.39 35.05 0.32 2.18 4.77 0.26

17.1j f with Francis reweighting Male 9.15 35.79 0.33 2.88 3.99 0.26
Table4. Northernrock soleMo h n 6 s r hfom thd ratdspectiveiaralysif he Mo hnd s

for 17.1d are similar to the 2017 assessment (not reported).

Model Model description SSB Recruitment Fishing mortality
17.1d Updated age error matrix 0.24 0.17 -0.15
17.1f d plus VAST index 0.20 0.20 -0.17
17.1h d with Francis reweighting 0.11 0.18 -0.04
17.1j f with Francis reweighting 0.10 0.22 -0.01

rho



Table5. Southern rock sole: Modaln number andlescription index RMSE, likelihood components and
total likelihood.

Model Model deseription Index RMSE |Age comp Catch Length comp Recruitment Survey  Total

17.1 2017 assessment 0.113 787.11 0.00 189.01 -9.96 -18.70  953.25
17.1b Updated fishery length composition data 0.116 470.76 0.00 525.00 -10.33 -18.33  973.14
17.1c b plus corrected CAAL minimum sample size 0.116 470.76 0.00 525.00 -10.33 -18.33  973.14
17.1d ¢ plus updated age error matrix 0.116 470.27 0.00 524.57 -10.04 -18.28 972.62
17.1e d plus estimated catchability 0.117 470.95 0.00 524.26 -10.03 -18.22 972.53
17.1f d plus VAST biomass and standard error 0.089 469.72 0.00 524.84 -10.08 -20.04  970.90
17.  d and McAllister-lanelli reweighting 0.146 1927.80 0.00 954.17 -5.74 -13.63  2871.30
17.1h d plus Francis reweighting 0.137 648.05 0.00 152.84 -9.69 -1494  782.80
17.11  fwith McAllister-Tanelli reweighting 0.113 1927.47 0.00 954.89 -5.82 -14.51 2871.05
17.1j fwith Francis reweighting 0.107 658.29 0.00 151.81 -9.84 -16.01  791.07
17.1k e with McAllister-lanelli reweighting 0.141 1927.69 0.00 956.94 -5.95 -14.31 2875.21
17.11 e with Francis reweighting 0.136 647.86 0.00 153.65 -9.71 -15.07  784.04

Table6. Southern rock sole: Growth parameter and natural mortality essifpathe individualmodel
runs.

Model Model description Sex L a Al Linf K CVmin CVmax Natural mortality
17.1 2017 assessment Female 12.29 48.06 0.20 3.17 4.83 0.20
17.1b Updated fishery length composition data Female 13.65 49.19 0.18 2.89 5.21 0.20
17.1¢ b plus corrected CAAL minum sample size Female 13.65 49.19 0.18 2.89 5.21 0.20
17.1d ¢ plus updated age error matrix Female 13.46 49.04 0.18 2.45 5.26 0.20
17.1e d plus estimated catchability Female 13.45 49.10 0.18 2.46 5.25 0.20
17.1f d plus VAST biomass and standard error Female 13.49 49.01 0.18 2.45 5.26 0.20
17.g d and McAllister-lanelli reweighting Female 12.19 47.17 0.21 3.02 4.42 0.20
17.1h d plus Francis reqeighting Female 11.03 46.83 0.23 3.48 4.01 0.20
17.1i f with McAllister-lanelli reweighting Female 12.20 47.16 0.21 3.02 4.42 0.20
17.1j f with Francis reweighting Female 11.06 46.83 0.23 348 4.01 0.20
17.1k e with McAllister-lanelli reweighting Female 12.15 47.08 0.21 3.02 4.42 0.20
17.11 e with Francis reweighting Female 10.98 46.78 0.23 349 4.00 0.20
17.1 2017 assessment Male 13.69 40.34 0.21 2.39 4.49 0.26
17.1b Updated fishery length composition data Male 14.86 41.00 0.19 2.05 5.38 0.27
17.1¢c b plus corrected CAAL minum sample size Male 14.86 41.00 0.19 2.05 5.38 0.27
17.1d ¢ plus updated age error matrix Male 14.73 40.84 0.19 1.69 5.39 0.27
17.1e d plus estimated catchability Male 14.76 40.85 0.19 1.68 541 0.27
17.1f d plus VAST biomass and standard error Male 14.68 40.82 0.20 1.69 5.36 0.27
17¢g d and McAllister-Tanelli reweighting Male 13.51 38.48 0.25 234 371 0.28
17.1h d plus Francis reqeighting Male 12.62 38.04 0.27 2.79 3.09 0.28
17.11 f with McAllister-lanelli reweighting Male 13.50 38.48 0.25 2.34 3.71 0.28
17.1§ f with Francis reweighting Male 12.59 38.04 0.27 2.79 3.09 0.28
17.1k e with McAllister-Tanelli reweighting Male 13.44 38.47 0.25 2.36 3.69 0.28
17.11 e with Francis reweighting Male 12.55 38.04 0.27 2.80 3.08 0.28




Table7. Sout her n r heskatisice from the rbtrmdpective analysis.

Fishing
Model Description SSB mortality Recruitment
17.1 2017 assessment 0.01 0.19 -0.13
17.1d  c plus updated age error matrix 0.03 0.13 -0.12
17.1e d plus estimated catchability 0.03 0.11 -0.11
17.1f  d plus VAST biomass and standard er[ 0.01 0.12 -0.11
17.1h  d plus Francis reweighting 0.05 0.28 -0.07
17.1] f with Francis reweighting 0.02 0.26 -0.06
17.11 e with Francis reweighting -0.04 0.15 0.03
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Figure25. Model fit to northern rock sole length composition dbfal (topleft), 17.1e (top right), 17.1f
(middle left) 17.1g (middle right), 17.1h (bottom left), 17.1i (bottom right)



Figure26. Northern rock soleighery (top) and survey (bottorl®ngthbasedselectivity comparisons
among modeldemales (left) and males (right).
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Figure27. Northern rock sole growtburve comparisons among moddtmale (right) and male (l¢ft
Lighter color dots represent the data and the lines represent the model growth curve estimate.
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Figure28. Northern rock sole SSB, fishing morality, a@eecruitsestimates by model.



2 s
g g
X =
: :
©
§ s
=l o
.§’ g
§ 5
20 20
0 T T T T 0 T T T T
1980 1990 2000 2010 2017 1980 1990 2000 2010 2017
Year Year
—e— Oyears -Byears
o~ [-#& -1years -Tyears
S T+ -2years <+ -8years
—»— -3years —— -Oyears
o~ -4years —#- -10years
i
- © —_
Z £
ERF 2
1 )
w w
£ 8 E
§ 8 :
W i
@
® 3 £
o
8
=
i=3
2 § T T T T
1980 1990 2000 2010 2017 1980 1990 2000 2010 2017
Year Year
—e— Oyears -Byears 500
—&— -1years -Tyears
500 -—+ -2years ~¢— -8years
—»— -3years —o— -Oyears
0~ -4years —#~ -10years
- -Syears 400
. 400 - e
[} )
s s
= =
g E 300
% 300 g
g g
g 2 200 ~
2 200 - 2
100 Lw 100
o T T T T 0 T T T T
1980 1990 2000 2010 2017 1980 1990 2000 2010 2017

Year

Year
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(left) and 17.1 (right).
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Figure30. Model fit to southern rock sole survey biomass, debigsed index (left) and VAST (right).
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Figure31. Model fit to southern rock sole length composition data 17.1 (topléftlc (top right), 17.1d
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Figure33. Southern rock sole growth curve comparisons among models, female (right) and male (left).
Lighter color dots represent tdata and the lines represent the model growth curve estimate.









