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Overview

A Stock Assessment Review (STAR) Panel teing 26-30 June 2017 at the Northwest

Fisheries Science Center (NWFSC) auditm in Seattle, Washington to review a draft stock

assessment fdingcod (Ophiodon elongatys The assessmehad been prepared laystock

assessment team (STAIEH by Dr. Melissa Haltuchf the NWFSCand was documented in

Haltuchet al 2017). The Panel operated under the Pacif
(PFMC) Terms of Reference failock assessmenteviews(PFMC 205). This same panel also

reviewed a draft assessment Racific ocean perc{bebastes alutis

Lingcod are large opportistic top predators in the nearshore demersal ecosystem of the
northeast Pacific Ocean. They range from Kodiak Island, Alaska down to Baja California,
Mexico, though abundance tapers off quickly south of Point Conception in southern California.
They typcally occur at depths of less than 200 meters and are most abundant in areas of hard
bottom with rocky relief.Lingcod are an important species for both the commercial and
recreational U.S. groundfish fisherfpocumented catches bihgcod span a perioaf more than

a centurywith thecatchespeaking duringhe 1980s tsalmost3400 mtfor Oregon and
Washingtorand2850 mtfor California

Lingcod are batch spawners and females lay eggs in nearshoredusitegswinterin nests that

are guarded by malegt is not clear if females produce multiple batches of eggs and there are no
studies on nest ahtificationto definewhetherfemales contribute eggs to multiple nests.

Genetic studies suggest that lingcod are genetically similar throughout their coagéal

As in the most recent previous lingcod assessment (Hamel et al. 2088)dkassessment team
(STAT) for the new assessment treatkeWS west coast population of lingcod as two

independent stocks separated & M2atitude the seaward extension of the border between
California and Oregon) and assumed that the US west coast population of lingcod is independent
of lingcod populations off Mexico and Canada.

Themodels in thenew assessmemwhichusedthe Stock Synthesis safareversion3.30.03.0,

were based on revised historical landiagsd discardgevised analysesf several historical

survey dataeries and data forecent landinggdiscardsandlength and agecompositiors.

Results for the base modeleveloped dung the STARmeetingare summarized as follows.
Thenorthernassessmemhodelestimates that the spawning stock biomadsg€od off Oregon

and Washington at the start of 204&s21,976 mt and was depleted & .95 of its unfished

level. Thes t o c &wiisg bompassdipped belot he Counci |l 6s the mini mul
threshold MSST,25% of unfishedjor several years during the 1990s but has been above the
target level (40% of unfished)nce 2006 The southermrassessmemhodelestimates that the
spawning stock biomass lifigcod off California at the start of 20Wwas6,742mt and was

depleted t82.9% of its unfished level. Thet oc k 6 s s p adipped hetpwthei o ma s s
C o u n MBS3Tfosa period extending from 1984rough 204, reaching a low of 8.7% in

1998 Both assessments estimate the stocks have been increasing in recent years.

The STAR Panetoncludedhat the neworth (WA and OR)andsouth (CA) assessmesfor
lingcod constitute the best available scientific information on the current status @Sthest
coast population of lingcoand thatheyprovide a suitabledsis for management decisiornghe
Panelconsiders that the use of surveys, compostidataand esmation of recruitment
deviations makes this a Category 1 assessment
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Summary of Data and Assessment Models

Catch series andishing fleet structure

Subsequent to the 2009 assessment California and Oregon completed historical groatutifish
reconstructions and a catch reconstruction for Washington was completed recently for the current
assessment. Catches for the northern stock extend ba@8&a@id appear to cover the entire

period of commercial and recreational fishing. Catcbeshfe southern stock of lingcod were

only available from 1931 in the historical reconstruction, stagbrgptlywith a catch olmost

560 mt Earlier commercial fishing dat@eremissing from the California catch reconstruction.

Removals from the ndnern stock of lingcod were associated vattrawl fleet, a fixeejear

fleet, and separate recreatiofishing fleets for Oregon and WashingtoAlthough the

recreational catches (and associated biological data) were partitioned to state regionsTthe STA
indicated it was not feasible to similarly partition thea from theeommercial fising fleets

because landings reported in OR and WA could have been caught off eitheTsasauthern

model has a simildrshing fleet structureas the northern metlbut with only a single

recreational fleet.

Survey indices

Three series of fishefindependent survey data are available for the northern stocKlass\ier
the southern stoclearly (19801992) and late (1998004) AFSC Triennial trawl surveys and
theNWFSC trawl survey (2003016). Also available for the southern stock is the NWFSC
Hook and Linesurvey(2004-2016) which only covers the Southern California Bight.

The survey biomass indices for the Trienifedrly and lateand NWFSC surveys were
estmated using the spatiemporal deltamodelng approacldescribed as VASTFor the draft
assessment models brought to the STABheanalysis applied théAST modelto the combined
survey data for both the northern and southern regiDasa from the hdoand linesurveywere
analyzed using a Bayesian de@&M applied to numerical abundance (rather than biomass)
where a binomial model with logit link was employed to model the pregeisznce of
lingcod.

Fishery-dependent indices

Fisherydependent indes were available for the northern stock for all four fleets: a trawl CPUE
index derived from PacFIN logbook data (198397); a commercial nearshore fixgdar CPUE
index from Oregon logbook data (202016); a WA dockside recreational index (198116)
and an OR dockside recreational index (£28&6). An OR onboard observer recreational
indexwas not included in the mode¢écause¢he dockside sampling programs more
comprehensive coverage and greater sample, sieswvo indices show generally thame
pattern during the years of overlap, and the dockside index spans moreRysiaesyydependent
indices for the southern stock comprised a commercial trawl CPUE index from Ragbték
data (19811997), a CA onboard observer recreational index for (1988 and 2002016),

and acentralCA docksiderecreationalndex(1980-1997) The lasttwo indiceswereincluded in
an alternativelraftbase moddbrought to the STARuUttheywerenot used in the final southern
base model (see Request 2.2)
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Recreational CPUE indicesd the commercial nearshore fixgelar CPUE index from OR
logbook datavere calculated using a del&_M approach, while the fishergependent indices
of abundane for the wwo commerciakrawl fisheries(north and southyere calculated from
PacFIN logbook data using the spatonporal deltanodel VAST. For the southern modédié
spatial distribution of Pearson residuals forttlagvl CPUE index exhibitetiroad aeas
(particularly off CA)of negative and positive residuals wittarked interannual changes
suggesting the potential influence of anrmaadelled process

The STAT noted that thePUE indices for WA or ORouldreflect abundance in either state
fishers canoperate in the waters of either state

Compositional data lengths

Lengthhcomposition data were available for all of the fishing fleets and surveys and included
data forboth retained and discardésh for the commercial fleets (trawl afided-gear) in both
the northern and southern models. The most extensive series were for the trawl fleet, which
began in 185 for the northern model and in 1978 for the southern model. The {ength
composition series for the southern recreational fisHeej fvas also very long, starting in 1959
but its geographic coverage was more limited and variable over filme most extensive survey
length-composition series was for the NWFSC trawl survey (Z20B56)

Length-composition data series were also a\dddromspeciaWDFW research projest
(19961997,and 20012003)and a ongyear thesis project by Laurel Lam, who conducted hook
and line samplingn 20160f nearshore and offshore rocky reefs from northern WA to southern
CA aboard chaered commercial @ssenger fishing vessels.

TheNWFSC lengthcompositiondata for the northern stock exhibited clear patterns showing the
progressiosof strong year classeSuch patterns wemuch lesdlistinct in thedata for the
souttern stock Also, fish of smalleréngths were observed in NWFSC catches from the south.

Biological samples from the commercial fisheries were expanded to the trip level and then to
overall catch, with thannualnumber of port samples being employed as the isgqmiple size

for each multiomial composition.The STAT advisé in thedraftassessment report that many
of the compositional data for the recreational fisherieslddktailsfor the number of fish
sampled out of those lande@onsequently the recreational compositions wsssiwithout
expansion.This approach may introdud®as into the resulting composition data for the
recreatonal fisheries, as it is assumes that the lewgthpositios were simple random samples
from therecreational landings

Compositional datd ages

Forthe northern modelge data were available fdroth commercialishing fleets(trawl and
fixed-gear,extending from 1978 to 201fgtained catch onlygndboth recreational fishing fleets
(1979-2016 for WA; 199-2016 for OR) and for athree surveysexcept the early TrienniaFor

the southern model there were considerably fewer agdrdatahe fishing fleetsyith datafor
sporadic years during 192904 There were no age data from the CA recreational fishing fleet.

In the draft assessment méglbrought to the STARheseagedata were included as marginal
agecompositions for the fishing fleets and the late Triennial survey. The age data were included
as conditional agat-length (CAAL) compositions for the NWFSC trawl survey and the Lam
reseach project.
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The Stock Synthesis modeling approach assutimaislength distributions are random with
respect to the catches from which the samples are drivenalso assumed that conditional ages
at length are random samples of the ages of the fish of that length within the popiattors
thatcould disrupthe randomness tiie CAAL datainclude agedependent movement andn
random spatial samplindrhe potential for such digptions should be explored, e.g. by
comparing CAAL distributions among different depths and different months within a year.

As with the correspondintength datathe NWFSC CAAL data for the northern stock exhibited
clear pattems showing the progression of strong year classes through annecairagesitions.
Such patterns wemuch lesglistinct in the south.

During the STARhe STAT advisedhat ageing of lingcod is based on counts of the growth
zones within spines, a methoathaccording to the draft assessment document, requires further
validation to determine the accuracy of the ages that are assigned to the individual fish.
Although the draft assessment document discussed the use of otoliths for ageing, it did not
mentionthe use of spines.

Also, members of the STAMmentioned that port samplers sometimes encounter difficulties
selecting fish for ageing due to theuctanceof fishers to allow cuttinghefish to extract spines

or identifythesex This is more of an isguwith larger fish, particularly in the recreational

fisheries. Recertommercialampling by WDFW has also been more limibedase

commercial buyers prefer to purchase fish that m@téeen cut. However, WDFW does

sample the tribal commercial trawl fishery, which generally catches smaller fish. Recent WDFW
commercial sampling appears to be biased towards smallefTiedse sampling issuewere

identified as gotentialsource of biag the construction afarginal distributions of lingcod

ages especiallygiventherewas no adjustment for selective subsampling of lengths for age
determination

Discardsdata

Data on discard rates were availatotan the West Coast Groundfish ObserReogramfor both
northernand southern assessment medi@ thetrawl and fixedgear fleets for the periczD02
2015. Data on discard lengtiompositions (to inform retention curves) were available for both
assessment models and both commercial fisheggsfor 20042015. Discard mortaly ratesof
7% for fixedgearcatches and 50% for trawdatchesvere appliedn the assessment models

Maturity and weightlength relationships

The assessment models employ updated estimates of functional maturitpivasea collected
between 2013 and 2016. The estimated length at 50% maturity for females in the north is 57 cm
and 52 cm in the southzecundity is assumed to be proportiondktmale bodyweight.

The plot of the weighkength relationships for unsexéingcod lay below those for both females
and maleswhich isan anomaly requing further investigation and explanation.
Bridging analysis

Thenorthern and southemodek developed in SS2 for ¢2009 assessment of lingcod were
converted tahe newSS3software(ver. 3003.07). Bridging analyss demonstrated that the time
series of spawning biomass and stock depletion produced usi8§3lseftwarematched the
values produced using the SS2 version of the model.
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The northern and southern assessment models

The transitioned S3 versios of the 2009 assessmeamdrthern and southemodek for lingcod
wereupdated to the structure proposed for use in the 2017 assessmodelsconfigured as two
separate single area, tvgex models, representing the northern Washington and Oregon area and
the southern Californian area, respectivébpr each area, the period represented by the model
extended from 1889 to 201&ex ratio at bift was fixed at 1:And the models started from
unexploited equilibrium conditionsThe population dynamics of the lingcod were described
within the model using ages 0 to Z2Ibtheyears, wi
northrernmodel length binsanged from 10 to 130 cm, in two cm increments, with thedinsit

lastbins as accumulators for fidless than 10 crar greater thad30 cm. In the soutern model

length bins ranged from 4 to 130 clthough rmature female biomass was used as a proxy f
reproductive outpuit remains uncertain whether this approach is fully appropriate given that
male lingcod guard nests from predators.

In the daft base model for the north that w@sscribed in the draft assessment docupikat
rate ofnatural mortaty (M) for females was calculated from the Hamel (2d@§hormalprior
using a maximum age of 21 years and fixethatmedian valu@.257 year, steepnesgh) was
fixed at 0.8, andecruitment variability {ir) was fixed at 0.6n the northern model anat 0.7 in
the southern modeNatural mortality of males was estimateased orthe same lognormaprior
as used (but fixed to the median value) for the femddeg to the paucity of large fish in the
NWFSC CAAL dataor due to conflicts with other datahe value of female length tite
maximum agé€14 years in the northern moglglas fixed at 112 crand the female growth
coefficient (k) was fixed at 0.1730ther growth parameters were freely estirdata the
southern modeltiwas possibl¢o freely estimate althe growth parametersPrior to the STAR
the STATreceivedadditional datandmadeseveral corrections tiheinput data. The STAT
broughtalternative modelto the STAR for consideratiorDuring the ourse of the STAR
meeting there were additional changes to the models, as described in the Requests section below.

Commercial fleets in both the north and south weragdjsegated into trawl and fixegkar

there were twaoecreational fleets the north (WA and OR and a single recreational fleet in the
south Both models included broaes of time blocksto reflectmanagement changes that had

affected the fisherieand therebwllow for possible changes in selectivity and retention in the

commercial flet and selectivity in the recreational fleets

In calculatingthe log-likelihood componentshe numbers of trawl towor the trawl surveys)

and port sample@or the commercial fishing fleetsjere used as input sample sizestlar

length and marginahgecompositions.The numbers asampledish were used as the sample
sizes for the recreational composition dafde numbes of fish with ages were used athe

sample sizes fahe CAAL compositiors. Sample sizes dhecomposition data were reweighted
usinga onestep application ahe Francis (2011) method\n iterative reweighting procedure
(based on R4SS outputps used to ensureasonable bias adjustments for recruitment
variability. The(r parameter values westightly tuned from 0.6 in the draft northern model to
0.55 in the final base model; from 0.7 in the draft southern model to 0.75 in the final southern
base model

For the draft base models brought to the STABheof the surveys included an estimated
parametefextra_SD)o allow for extra variability beyonthe inputsampling error.In the final
northern base model there were no estimated extra_SD parameter for the Triennial surveys and
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theNWFWSC survey In the final southern base model there wassdimated extra_SD
parameter only for the Trawl CPUE index.

In the draft base models brought to the STAR the estimatia@tofitment deviations bag

with 1985. Following further exploration of the model in response to requesisgthe STAR,
thefinal base models estimated recruitment deviations from the start of the modeled period
(1889).

Selecton curvedor all fleets and surveys were estimated assuming a doobheal patternand

all fleets had domshaped selection curves during 2016 (exceptseity for males by the late
Triennial survey) Selection curves for the commercial fisheries were estimated to be asymptotic
in earlier time blocksRetention within the various time blockss estimated Survey
catchabilitiesverecalculated analytally, such that estimates were median unbiased.

The STAT undertookansiderable exploration of alternative model assumptoiispresented
theseto the panel othefirst dayof the STAR. This exploration included fixing female natural
mortality and h at different input valuesdremoving individual indices anddividual length
and age data set®utput from the models wersensitive to the starting year for calculation of
recruitmentdeviations. Jitter analyses demonstrated ttiegt northmodelappeared robust to
alternative initialparametewaluesbutthe southmodelwas not as reliable with 52 of 100 jittered
starting values producing improved lbkelihoods, some of which represteng marked
improvements in fit. Analyses undertaken by the STAT in response to discussions with the
STAR Pane] and requests subsequently made by the SPARel(see below), led the STAT to
modify and refine the assessment models for the north and sesilkting in models that the
STAT proposed as new base models for these two areas.

During reviews of fits to the modelswas recognized thabme of thdisherymarginal age
compositions were biasesbme due to incorrect assumptions aboutraér atlength and others
due tononrandomsulsamplingof fish for agereading. To remove the influence of these data
the final northerrand southerbase modelised none of thavailablefisherymarginal age
compositions included in the original draft magl&lut made use of atheindices and length
compositionsand theCAAL compositiors from the NWFSC survey and the Lam studfe

final base modelmaintained the same basic structlas the draft base modelnd many of the
same assumption€Complete desiptions of the base models are provided inDiescription of
the Base Modedection below.

The final agreed base moderewell structured, hee been thoroughly investigated by the
STAT, andarethe best currently available for the formulatiomm@dnagement advice.

Treatment of uncertainty

Likelihood profiles were produced fo1(R0), steepness and natural mortality, key parameters in
determining stock productivity and statuBhe likelihood profile for a parameter is created by
treating the parameter as fixed over a range of values and calculating the likelihood for each
componentdata source Likelihood profilesndicatethe relative strength of thieformation
contained ireachdatasource and the mutual coherence of the data so{giees the assumed
model structure and fixed paramejers

In the case of thinal northern basenodel thdikelihood profiles indicated the data contain
insufficient information to estimateestpnessThe likelihood profiles fofemaleM indicated
that the indicesand thdength- and CAAL compositiors favor an estimate of female natural

Lingcod STAR Panel Report Page7



mortality largerthan 0.3 yeat, whichis considerably higher than the fixed value of 0.257 year

in the final base modeMith female natudamortality fixed at 0.257 yedrand steepnes 0.7,

the estimate for IfiRO) is fairly well determined, buhe profile indicatedension between the

value favored by the CAAcompositiors and that favored Hyoth the éngthcompositions and
theindices. Inconsistency among different data components is not unusual but may indicate an
overly constraining model structure (e.g., timeariant parameters that should be tivaeying).

For the southern moddie ikelihood profiles for steepnegwdicatedsensitivityto thelength
compositiondrom the Lam projecfa oneyear project) and the recreational fishing fleet
suggesting that #se would be influential ifsteepneswas estimatedThe likelihood profile ér
femaleM indicated many of the data sources faveakie at least as gaeas the upper bound,
0.3 year', as was the case in the northern mdgilen the assumed model structure and fixed
parameter values)Likewise,In(RO) was fairly well determind, butindicatedtension between
the value favored by the CAAtompositiors and that favored by the indices.

Sensitivity runs are probably the most important source of information on uncertainty as they can
be used to map out the possible effects of straterrors and model assumptipndichare

difficult to asses$ut often the greatest source of uncertaiithough tere was insufficient

time during the STAR to explore sensitivity runs for the final base maithelSTAT provided a

series of ensitivity runsfor themodels leading up to the base modéhese adequatetpvered

low to high ranges for steepness and natural mortalibych are two key parameters that were

fixed in the final base models because they could not be reliably estimate

Requests by the STAR Panel and Responses by the STAT

The preSTAR draft document wagasonablyomplete whichallowed for an efficient and
effective review that could quickly identify the most important questions and allocate review
time accordingly.The STAT provided thorough responses to all requests.

Request 11: Run separate VAST runs for all surveys (NWFSC and Triennial) in the northern
and southern models with graphical comparisons for both. These will become part of the new
base case datasets

Context In prior assessment cycles it was standard practice to use-&t&lisl approach

with spatially stratified data. In the current assessment cycle many of the assessment teams are
using a newer approach that does not explicitly consider theaslataming frondistinctspatial
stratabut insteadncludes spatial autocorrelatiohe software package has the acronym VAST
(vector autoregressive spatial temporal).

Rationale  Given there are large differences in attributes of the northern and isonotbdels
(modeled as separate stocks), it makes sense to sepatta¢elath sources

Response  Separat@orthern and southeMAST analyses were rumsing theNWFSC and

Triennial survey dataFigure 1 below shows theesulting estimates for the tveeparateegions

(orange) compared with those produced by the VAST approach using survey data for both

regions (blue) in a singkenalysisand then posstratifies the estimated biomass the STAT

had done for the draft models brought to the STAR) separating th@orthern and southern

datg the VAST analysis could be run at higher spatial resolftiean | ar ger number of
butwith the potential loss of shar@a@formation onthe performance of th&urvey vessal
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Figure 1. Comparison of estimas produced by VAST when NWFSC and Triennial survey data
from North and South are anagd together (bluejrindependeny (orange).

Whether the northern and southern data vaesdyzed independdptor combinedhad very little
influence on the NWFSC siey biomass indicesHowever for some of the Triennial survey
series there was small effecbn the trends the indicesandsometimeshere was strong

effect on the scales.For example, for the southern early Triennial survey the index valuas fr
independent analyses were four times larger than the values from the combined analysis.

The effects on the model sd estimates of spawn
surveyindices are illustrated below in Figugefor the northern stock anddeire3 for the

southern ®ck. Using the independent VAST index for the NWFSC survey corresponds to the
light-blue lines (with vertical dashes in the northern model and triangles in the southern model);
using the independent VAST index for the Triennuaheys corresponds to the green lines (with

vertical dashes in the northern model and triangles in the southern model). The other lines in

these figures correspond to requests below.
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The STARPanelrecommended that, for consistency with the decision efmgcod as two
separate stockthe STAT should use the survey biomass indices based on the sefgeddte

analyses.
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Figure2. Spawning biomass trajectorifes the northern stock of lingcqatoduced by
introducing modifications to the alternate assessment model to addressSTAR Panel
requests The STAT used fixed growth parametersem refitting the model to explore the

influence of each modification.
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Figure3. Spawning biomass trajectoriém thesouhern stock of lingcogroduced by
introducing modifications to the alternate assessment model to addressrequests by the
STAR Panel.The STAT used fixed growth parametersem refitting the model to expie the

influence of each modification.
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Request 2: Create combined sex, lengdnd agecompositional data for all commercial
fishery samples in the northern model from early yeamugh 1991. Confirm the length
compositions of aged fisire represetative of the lengtltompositions of unaged fish. These
data will become part of the new base case.

Context Residual plots from the draft northern base model indicated extremely large male
lingcod (> 80 cm) associated with the Trawl fleet for severdy gaars in the series (Appendix
Fig.A.1). Such large male lingcod were highly inconsistent with the leaggige data from the
NWFSC trawl survey A quickreviewby the STATof PacFIN database summaries suggested
that the presence of unsexed fish wamstéd to years prior to 1992.

Rationale =~ Whenthereare unsexed fish in fishery samples the softwaexito develop the
compositions appliesn assumed sex ratio, which magroduceerrors in thederived
compositions With regard to the second part of the requastause fish for ageeadings may
not be selected randomiyjs important to verify that thegg-compositionsreflect the length
compositions, whiclaretreated asepresentative of fishetgndings

Respose The STAT combined the compositional data as requestéxtresultingtrend in
the estimatetime-seriesof spawning biomass differed only slightly fronettorresponding
seriesfor a similarmodelthat hadhe original datgblue lines with triangles Figure 2).

Histograms ohggregatedge and lengthcompositions of lingcod collected from the catchgs
Washington and Oregon commercial fishers suggestethth@hargina) agecompositions
might not be representative thie correspondindength-compositions However the datdor the
histograms weraggregated ovanany years&ndcould not be easily comparéécause of
differing lengthbin structures Following discussion, it was agreed that pinpointing the source
of the apparerdiscrepancies the composition dataould requireamore detailed examination
(described below)A suggestion that theommercial fisheryagecomposition data be excluded
from the assessment model was rejebiechusdoth the STAR Panel and Assessment Team
were reletant to losehis potentiallyaluable informatiorsource The STAR Panel endorsed
further investigation to identify commercial fishenarginalagecomposition dataleemedo be
unrepresentative.

Using information from the PacFIN Biological Data SystemwWashington and separately for
Oregon, the STAT compiled annual numbers of-festgths and fishengthswith-ages based on
20-cm lengthbins. The compilation provided convincing evidence that for 2010 and later years,
the proportions of small fish iength samples from Washington that had been aged exceeded
the proportions of larger fish that had been aged. The proportions of aged fish in the different
length classes in the annual length samples from Oregon were highly variable, but again it was
clea that samplefor ageswere not consistently representative of the length samples from which
they had been drawn. If samples from either state were affected, the combined data for the
northern stock would be biased. When compiling the marginat@g@aitions the STAThad
notadjusted for nomniform sampling ofish for agereading.

The STARPanelconcluded thathe fisherymarginal agecompositions from the northern stock

were often ot representative of the lengtlhmpositions, and thube asso@ted fishery

marginal agecompositions for this stock are mefpresera t i ve of  tcbhmposgiano c k 0 s
Subsequent discussion revealesiies sometimes associated with sampling lingcod. In
Washington, prmission to cut sampled figharticularly largefish) to extract spines for ageing

and to sex those fish was often refughdsresulting in biased sample8.is likely thatport
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samplers in Oregon and Washington encountsiradar issues whewbtaininglingcodsamples
for ageing Furthemore for the 2009 lingcod assessment as well as the new asseS3Dfém
staffhad beennstruced to deliberately ovesample small and lardmgcodwhen selecting
structures for ageeading More detailed examination of the agad lengthcomposition is
neessary to determine whether the bias extends to the age data for all years.

There was discussion of whether the available age data could be used as conditianal age
length(CAAL) compositions.When constructing CAA compositions using standard theds

the data from individual hauls are aggregated without expanding for (possibly) different densities
of fish at each sampling locatioiif. there areagedependent movement$ lingcod or the

spatial distribution of the stock is agependentor some reasqrthen CAAL distributions based
onsampledatafrom surveys ofisherycatches are also likely to be noepresentative of the

overall conditional disthutions of ageat-length. In future research, consideration should be

given to comparing CAAL distriiions from different depths or regions to explore whether

these are consistent with the hypothesis that CAAL data are representative of the overall CAAL
distribution for the stock.

The STARPaneladvised that, for the current assessmiéetCAAL compositons ould be used
butfisherymarginal agecompositions shouldotbe used.

Request 13: For historical catches in the southern model, do a linear ramp up from zero catch
starting with the first year of catch in the northern model to 1930, when catctiessouthern
model are better documented (and +zamo catches begin in the draft model), as a sensitivity

Rationale = Thelargecatch in 1930ifnplying anabrupt starto the fishery) is implausible

Response The STAT developed the ramp in historical catches as requeltedeffect of
this change on the estimated biomass trajeet@ya gradual decrease in spawning biomass
during the initial decades of the assessment perighasnby the yellow lines irFigure 3.

The STARPaneladvised that it would be appropriate to include such linear ramping in the final
base model for the southern stock and that, for flitigeod assessments, reconstructed catches
for Californiashould be extendddr yearsprior to 1930

Requestl.4: For boththenorthern and southern modelg steepness (h) at 0.7; fix female
natural mortality (M) at the median value of the prior (M = 0.257, based on a maximum age of
21 years).

Context In the draftversion of the north and soutissessment modedgepneswas fixed

at 0.8, female M was fixed at the median of the prior (0y23Y, male M was estimated, and

most of the growth parameters were estimated. The STAT brought to the STAR an alternative
configuration that estimatedtieepnesand M (both sexes) but had fixed growth parameters

(based on initial model runs)rhese alternative models estimasésepnesat 0.681 in the north

and 0.680 in the south. This request explores an intermediate configuration with steepness fixed
nearthe values estimated in the alternative models.

Rationale Steepness of 0.7 is the sameissdfor similar species (e.g., cabezon)

Response  When the assessment model was refitted to data for the northern stock of lingcod,
with fixed h = 0.7,and fenaleM = 0.257yr* for females, and fixed growth, spawning biomass
in 2017 was estimated be depleted to ~45%hg¢ dark blue lines with circles Figure2). For
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the southern stock, when the same values were employed for steepness and naturalahortality
females and growth was fixed, depletion in 2017 was estimated to be t&Oéack blue lines

with circles inFigure3). The Triennial survebpiomassndex for 2004 wabady

undeestimated.

RequestL.5: For both the northern and southern modeisvpde the fishery time bloclsd
rationalefor the breaks

Rationale  This informationwaslacking in thedraftassessment document

Response The STAT provided tabte(Appendix Tables 1 and 2) for therth and south
models indicating théshing fleets span of years covered by each blaakd descriptions of
why the blocking was includedl'he draft assessment models begéh nonzero catchem
1889 for the north anth 1931 for the southThe most complicated blockirggructurewas for
the rawl fleets (north and south). It includéalr blocks forchanges imetentionparametersand
five blocks for changes iselection parametersThe rationale for including thebeeakswasto
account fotheimplementation of regulationarea closuregndthe catch shares program.

Request 6: For both the northern and southern modaisyide a model run with recruitment
deviations estimated from the beginning of the model

Context In the draft models recruitment deviaticstartedn 1985. The STAT &plained
that attempts to include additional recruitment deviations in earlier versions of the base models
had produced implausible patterns in the deviations and odd results.

Rationale = There may be information to inform recruitment earlier in the model

Response The STAT advised that, following the modificatiosigggested by the STAR
Panelto the models for the northern and southern stocks, the difficulty of estimating recruitment
deviations from the starting yeaf the model had been resolved.

For thenorthern stock, such estimation changed the trajectory of estimates of spawning biomass
with greater variation between 1950 and 1980 and a 2017 depletion of #&69&l{ow line in
Figure2). The bias adjustment ramp for recruitment deviations was eeahaind appeared
appropriate.The fit to the NWFSC survey indices was improved and the fit to the early

Triennial survey indices looked good@he Triennial survey index for0®4 was still poorly

estimated.

The estimate of initial spawning biomass of sle@ithern stock was markedly reduced when
recruitment deviations were estimated to the starting year of the nioel@ré&nge line in

Figure3). Spawning biomass of this stock remained lower than the estimates produced by the
version of the model employddr Requestii.3(linear ramp from zero for catches prior to 1930)
until ~1980, declining to slightly lower levels than the estimates of that earlier model, before
recovering to a reduced ertdo a 2017 depletion of ~30%.

Such responsean the estimatesfespawning biomass of both stogmut particularly that of the
southern stocksuggests that the input data contain information on age structure that are
described better by allowing for recruitment variation in theygaaérs of the modelThe STAR
Parel concurred with the STAT thagcruitment deviations should be estimated from the first
yearof the assessment period (188®)both the northerand southern stocks of lingcod
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Request I7: Provideboxandwhiskes plots of the NWFSC survey leng#itrage data from
early vs. late in the time series

Rationale Check to see if growth is varying over time

Response The STAT advised that, for female lingcod, the rate of increase in length over the
first four age classes appeared slightly greater in the patriod (2012016) than in the earlier
period (20042006) (Fig.4) but there is considerable overlaphere appear to be more old

females in the more recent period, with lengths at age appearing to have approached an
asymptote. In the earlier periddngths at age had not approached their asymptote as closely as
in the later period. The plotted data for the earlier period support the decision by the STAT to fix
the length at maximum age when growth had not slowed sufficiently at older ages tddacilita
estimation of this growth parametérhe patterns were similar in the south, with more old fish

in the more reent than earlier period

For both the northern and southern stocks, there was no strong evidence of a large change in
growth between the twperiods. The possibility that growth of the northern and southern
lingcod may have changed over the period considered by the assessment models cannot be
discounted.

[ Growin of Horin Females 2004 to 2006 [ Grewth of Nertn Females 2013 to 2015

100

'—_—-ﬁl-:l S
Hi- e

[ Growth of North Malas 2004 to 2008 | Growth of North Males 2013 to 2015

Hlt
]

I
H[-
HIH
I
[

[ 1 2 3 4 L ] T 8 & won 201! ow W [ 1 2 a 4 4 8 d g L] woon =B E I )

Figure4. Box and whisker plot of lengths at age for lingaothe northern stock as iéted by

data from the NWFSC surveyhe upper panels are for the females; the lower panels are for the
males. The lefhand panels are from early years (2@086); the righthand panels are from

recent years (2013015) Plots for data from the sowtin area showed similar patterns.
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Request 18: For both the northern and southern modatsadmodel run removing all indices
except the NWFSC survey. Then add the Triennial survey without the 2004 data point. Compare
results

Rationale = To understandie impact of individual survey series starting with the NWFSC
survey, which is considered the most reliable. The second part of the request is to better
understand the effect of the Triennial survey with the 2004 data point, thleichodeld o e s n 6 t
fit well andwhich may be influencing the overall model results.

Response Removal of all indices except that for the NWFSC survey resulted in a slight
reduction in the estimate of initial spawning biomass of lingcod in the northern stock, a decline
to a similarevel in the 1990s as estimated for earlier model runs, but a slightly greater recovery
to a 2017 depletion of ~50%ght-orange line irFigure2). The STAT advised thdishery

marginal agecompositions were still employed when fitting this model, aratdmotyet been

removed. It was noted that, although survey or fishery indices may have been excluded when
fitting the assessment model, ibuld useful toinclude them in the model but flagged as-non
informative data t@xamine the extent to which estimates of these indices matched input values.
Subsequent addition of the indices for the Triennial survey to the model, without the 2004 value,
produced spawning biomass estimates that were indistinguishable from thosegresing the
NWFSC survey indicesRemoval of the option for the model for the northern stock to estimate
an additional SD for the survey indices made little change to the trend of the spawning biomass
(thered line inFigure 2).

For the southern stock bngcod, removal of all indices other than those from the NWFSC
survey resulted in a very marked increase in initial spawning biomass, with a decline by ~1990
to levels similar to those produced other model runs for earlier HaRIrequests, before a
marked recovery to a 2017 depletion of ~8@P# (ight-orange line irFigure5, below).

Subsequent addition of the indices for the Triennial survey, without the 2004 value, produced a
slight reduction in the levels of spawning biomass for all years ehtitelled period and in the
value of 2017 depletiori{eorange line in Fig.5 beloww Removal of the option to include an
additional SD in the survey indices for the southern stock produced a marked change in the
levels of the estimates of spawning biosylkered line in Figire5). When indices were

penalized by not adding extra SDs, estimates of spawning biomass reverted to values similar to
those obtained for the version of the model fitted when estimating recruitment deviations from
the first year othe modeled period, and well below the values produced when dropping all
indices other than the NWFSC and Triennial indideésr this model, spawning biomass

recovered by 2017 to a depletion of ~30%he STARPanelconcluded that such evidence of
tensiacn among the different indices for the southern stock required further investigation.
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Figure5. Spawning biomass trajectorigs thesouthern stockas shown in Figuréd with the
additional modifications of Request 1.8

Request 1: In the northern modalrop the WA Research compositional data

Context These data had been included in the draft model to provide information for
estmating selection for the fixedear fleet, but members of the STAT were uncertain that the
gear used for this research projeets comparable to the commerciakt-gear.

Rationale  The fixedgear fleet currently has comgitionaldata for the same time period

Response Removal of the WA Research comp. data produced only a slight change in the
estimates of spawning biomasbhe STAR Panel endorsed this modification to the model for
the northern stock.

Request 2l: Exploration of structure for a possible base modekt@North.

Step 1: Explore asimplified model for the northern stock with the following specifications
(follow-up from Request 8).
1 Use only NWFSC and Triennial surveygth associated CAAL and lengttompositions.
1 Use fishery lengtitompositions only (i.e., nfisherymarginal agecompositions).

1 Estimate recruitment deviations starting at the beginning of the modeling period with no
estimated extra SD for the surveys. Estimate growth as in original proposed base model
but also estimatiemale Length at AZnot estimated in the draft base modéfaintain
the same timdlockingas the draft base modeEstimate mal& (as in the draft base
model)

1 Noiterativere-weightingof the compositional data or recruitment bias adjustment
parameters.

Step 2: Sequentially add the following inputs and congkielihoods at each step
M Trawl CPUE index.
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1 OR Nearshore CPUE indégommercial fixeegear)
1 WA Rec. Dockside CPUE index.
T OR Rec. Dockside CPUE index.

Step 3: Add CAAL datasequentially as follows for as many time periods as seems suitable and
as time pamits. Compare fits to the sciee center surveys at each step.

Trawl compositions.

Fixed-gear compositions.

OR Recreational compositions (lower priority).

1 WA Recreational compositions (lower priority).

= =4 =4

Rationale = There s evidence that the fishery agampositions are rot representative of the
lengthcompositiors (Request 1.4)The marginal ageompositiors are judged by the STAT to

be biased. The sequential steps of this request may indicate which data are most informative and
where data conflicts ags The hope is the model as constructed sequentially will become the

final base and determine which data are included in the model.

Response The STAT presented a tabular summary of the results for the requested steps
(Appendix Table A.3)andnotedthatthey madeno attempt to estimate the Hessiamen fitting

the modelgi.e., there was no confirmation of convergendeiyst, likelihoods and parameter
estimates were determined for gimplified model based on the NWFSC and triennial survey
indices. The aldition of the trawl CPUE index improved the fit to the early and late Triennial
survey indices by 11.6 andn@gative loglikelihood (NLL) units, respectivelybut the NLL
associated with the NWFSC survey indkegradedy over 22units. Addition of the OR

Nearshore CPUHixed-gear)index, the WA Rec. Dockside CPUE index, and the OR Rec.
Dockside CPUE index further degraded the fit to the NWFSC survey index with each additional
index (by <2 NLL units at each step). The quality bgtfit to the late Triennial survey indices
remained relatively unchanged while that of the early Triennial survey indices was first degraded
then successively improved as the subsequent two fisheries indices were added.

Conditional ageat-length (CAAL) canpositioral data from the different sources were then
introducedsequentially An attempt to fit the modetith a subset of th€AAL for the trawl
fisheryfailed but the STAT were able tald the full set of CAAL data for the trawl fishery
without toolarge an increase in model ftime. Thisimproved the fit to the NWFSC survey
index butdegraded thét to both the early and late Triennial survey indic&be process
responsible for thiradeoff in fit wasunclear.

Growth parameter estimatésxcep for the female length at Amax, fixed at 11®&re also

affected by the addition of tHt@AAL compositionaldata, with(for example)marked reductios

in the estimateof female length aheminimum age and in thiemale growth curve coefficient

(k).

When fitting only the survey and fishery indicéaodels AE in Table A.3) the only conditional

ages at lengtfCAAL) included were those for the NWFS@d Trienniakurvey indicesWith

the addition of CAAL data from the fisheridswetSDs for growth incread markedlysuggesting
tension in thalifferentdatasources regarding growtlit is possible that the trade off with the
Triennial survey relates to a change in growth between the early and late periods, or a change in
selectivity. The attempt to thefit the CAAL data forfixed-gear compsitiors failedto find a
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solution ina reasonable amount of tirfrodel G in TabléA.3), but the CAAL data for OR
Recaeationalcompositiors and WA Rexeationalcomppositions were addeduccesfully (models
H and | inTableA.3). The fit to the NWFSC survey indices remained relatively unchanged
from the previous model rgnwhile the fit of both the early and late Triennial survey indices
first improved then deterioratedcemale growth parameter estimates remainéslats
considerably lower than the estimates obtained earlier by fitting the fishery indices.

After examining the likelihoods and parameter estimates resulting from the above exploration,
the STAT explored two further rurfsot shown in Tablé.3). For the first, a model employing

all survey and fishery indices and only the OR1ieattonal CAAL datavas fitted. The second

run used all survey and fishery indices and both the OReR&analand WA receational

CAAL data The fit to both the NWFSC and tlearly Triennial survey indices improved from

that produced using a model with only survey and fishery indices. There was relatively little
further change when the second set of CAAL data was added.

The STAT provided plots of spawning biomass and spawrimmass relative to unfished
spawning biomass to allow comparison of the effect of the various scenarios on parameter
estimategFig.6). Inclusion of the fishery indices reduced the extent to which the northern stock
of lingcod was depleted in the 1990=xlaaised the level to which, in 2017, the stock was
depleted from ~30 to ~40% I his change in trajectory appears to explain, at least in part, the
marked change in likelihood when the first of the fishery indices was added to the model.
Addition of theCAAL data to the model produced spawning biomass trajectories that differed
markedly from those of the survey and fishery indices.
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Figure 6 Spawning biomastajectories fothe northern lingcod stock produced when fitting
the various scenarios expéal for STARPanel Rques.1

The inconsistencies between the survey and fishery indices and the information in the CAAL
data that are evident in tskemmary table (Tabla.3) and in the trajectories of spawning
biomass (Fig) could be due to factors such as changes in the growth of individuals in earlier
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versudater periods, changes in selectivity, the appearance of larger than average recruitment at
the end of the period, or unrepresentative samples of ages at lengthgopthation as a whole.
The latter might arise from agkependent ontogenetic movements otiapdistributions.

The STARPanelendorsed the STAT decision, based on the results of the analyses undertaken to
respond to this STARanelrequest, to explora candidate base for northern lingdbdt

employedall survey and fishery indices and the CAAL data for the survey indicesxblutded

CAAL data from thdisheries.

Request 2: Exploration of structure for a possible base modelfier Soth. Follow same
steps as Request 2.1 for the southern model. Maintain the linearupumoicatches from the
year when the northern model starts.

Rationale = Same as for Request 2.1

Response  As with the results for the northern stock, but to a lesser extent, gagveelog
likelihood for the fit to the NWFSC survey index for the southern stock was reduced as the
fishery indices were successively addagpendix Table A.4) While the fit of the late

Triennial survey indices similarly deteriorated with successiMtian of fisheries indices, the

fit of the early Triennial survey indices gradually improved as the trawl and recreational observer
fishery indices were added. It was noted that spatial coverage of the fisheries indices differed
and that only the NWFSE&urvey covered the full latitudinal range for the stock. Addition of the
CAAL data resulted in a marked deterioration in the fit of the NWFSC survey indices, and, to a
lesser extent, deterioration in the fit of both the early and late Triennial survegsind\s with

the northern stock, the value of the coefficient, k, of the von Bertalanffy growth curve for
females declined when the CAAL data were included in the model stock.

Discussion of the results revealed that, althougtitadsworth inéxo (Cental CA dockside
recreational indexhad been employed the 2009 previous assessmehné methods employed
when calculating the indicegere notfully documentednd techniques for analyzing

recreational dockside data have advanced since 2009 in connection with the assessments of
nearshore species conducted in 2BMC, 201%. For the current assessment, with the
information and data available, it would be @ifilt to defend the use ofigindex when

calculating the likelihood and fitting the modéf.the Wadsworth indxis to be used in future
assessments, the data employed and methodsarstleloping the indeghould be re

examined antheanalyses rearked ® that the approaches employed may be critically assessed
and, if necessary, refined.

Examination of the trends in the time series of estimates of spawning biomass, and ratio of
spawning biomass to unfished spawning biomass (Fig.7) demonstrajdsrttia southern

stock, successive addition of the fisheries indices reduced the extent to which the stock became
depleted in the late 1990s and decreased the value of 2017 depletion from ~60% when the
assessment model employs only survey indices to -Ré%slightly less than the minimum

stock size threshold, following addition of all fishery indices.

Inclusion of CAAL data results in markedly different trajectories of spawning stock biomass and
ratio of spawning biomass to unfished spawning biomassdstrating the inconsistency

between the survey and fisheries indices and the CAAL degavith the northern stock, such
inconsistency could be due to factors such as changes in the growth of individuals in earlier and
later periods, changes in selgii, the appearance of larger than average recruitment at the end
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of the period, or unrepresentative samples of ages at length for the population as atole.
latter might arise from aggependent ontogenetic movements or spatial distributions.

The STARPanelendorsed the decision by the STAT, based on the results of the analyses
undertaken to respond to this STARRnelrequest, to explore as a candidate base model for
southern lingcod that employed all the survey and fishery in(eseept he CA recreational
onboard observer index combination with the CAAL data for the survey indices but none of
the CAAL data for the fisheries.
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Figure 7 Spawning biomasgajectories fothesoithern lingcod stock produced when fitting
the various scenarios explored for STRRBnel RquesR.2

RequesB.1: Explore a potential North base model that has the following specificatisimg)
request 1 from day @Request 2.1), including all indices

1 Noinitial F.

Estimate the female length at Amax (which so far has been fixed at 112 cm).
CAAL only from the NWFSC survey and Lam study.

Estimate extra SD on fishery CPUE indices.

Retain all lengticompositional data.

Retune the mode and provide full diagtics.

If time allows, provide likelihood profiles across fixed values for ferivhilend steepness
(h) as in originadraftbase

1 If time allows, fixh and estimat®1, and vice versa.

= =4 4 4 - -2

Rationale = These specifications converge on a consensus basé migleequest is needed
as a final chechkn its suitability

Response  Following further exploration, the STAT found that, when fitting all growth
parameters, the estimated value of female lengtieahaximumreferenceage(Amax, 14 years)
was reduced fromhe value that had previously been fixed. However, the selectivity for the
trawl fishery became asymptotic rather than dome shaped, a result the STAT deemed
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inconsistent with knowledge of this fishery. The STAT decided that it was necessary to fix
femalelength at maximum age rather than leave it freely estimated so that the trawl fishery
selection would not become asymptotic. The STAT set it at 110 rather than 112 cm, the value
that had previously been employed; dinel resulting trawl fishergelectiviy was domeshaped.

The STARPanelaccepted this changdhe STAR Paneland STAT examined thie4SSoutput

for the modeland the STARPanelaccepted th& T A Trédcemmendation that the model be
accepted as the Norlingcod base model.

The STARPanelandSTAT examined thakelihood profiles foth, M andRO to explore possible
options for specifying the required 12.5 and 87.5% levels of uncertaintye low and high
alternative states for the decision tabiith the various data sources now in the maousther

M nor h seemed to suitable candidates. However, it appeared that the likelihood prd®de for
(Fig.8) would provide a reasonable mechanismbi@ckeing the uncertainty.

Total

Index data
Discard
Length data
Age data
Recruitment
—8— Priors

Tte

Change in -log-likelihood

Unfished Recruitment (Ro)

Figure 8. Likelihood profile foln(RO) for the potential northern base model. N the
X-axis labelin the figueis incorrect.

RequesB.2: Explore a potentiabouh base model that has the following specifications using
request 1 from day @Request 2.2)

1 Include all fisheryindependent indes.

1 Include trawl CPUE index w/ extra SD estimated.

1 Include CAAL comp. data only from the NWFSC survey and the Lam study.

1 Retune the model and provide full diagnostics.

1 If time allows, provide likelihood profiles across fixed values for fenvaend stepness

(h) as in original draft base.
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1 If time allows, fixh and estimat®l, and vice versa.

Rationale = These specifications converge on a consensus base model; this request is needed
as a final check on its suitability

Response The STARPaneland STAT examined the R4SS output for the model, and the
STARPanelaccepted the STATO6s recommendation that
lingcod base model.

The STAT produced likelihood profiles for M andRO the model to determine options for
spedfying the 12.5 and 87.5% levels of uncertainty required for the low and high alternatives for
the decision table. Although the profile fosuggested it would be possible to estinfatehen

this was done, the spawning biomass was driven to unrealisticlow values of depletion.

The key variables driving this profile were the Californian recreational and Lam surveys, where
the CAALs of the latter survey appeared to have oversampled the older fish possibly as a result
of sampling in areas closed istiing. The likelihood profile foM demonstrated that, if an

attempt was made to estimae the ageand lengthcompositions would drive the estimate

towards an upper bound.

The likelihood profileacrosdn(RO) for thesouthernbase modehppeared torpvide a

mechanism for producing low and high alternatives for the decision table, as had also been
proposedor the northern mod€Fig.9). TheSTAR Panelsuggested thBTAT use the

likelihood profile to locate low and high valuts In(RO) correspondig to the 12.5 and 87.5
percentiles of the distribution of values of negativellkglihood centered on the minimum

value of negative log¢ikelihood. Twice the difference between a valuelud totalnegative log
likelihood and theotal negative loglikelihood at the minimum would be expected to have a
Chi-square distribution with 1 dfThus, the values of IRD) at the points of intersection of the
likelihood profile for the total and a horizontade a certain number dbg-likelihood units

greater thn the minimunvalue of thdikelihood profilecould be used as the 12.5 and 87.5
percentiles of the distribution of values of ) (i.e., the 78 percentiles) The base models

would then be rditted, after fixingIn(R0), to estimate the values required for the decision table
of the assessment repoithe STARPanelendorsed this approach, but requested that the STAT
confirmthat the estimates of spawning biomass associated with the 12.5 and 87.5 percentiles of
In(RO) ercompass the 12.5 and 87.5 percenti@sed orthe base modeéstimate 02017

spawning biomasand its associated standard error
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Figure 9. Likelihood profile for IR0) for the potential southern base model.

Reques#.1*: Build decision tablefor the northern and southern stodkased ortheln(RO)
profiles choosing the states of nature from the values &0dwhere the change in the negative
log likelihood is 1.18 lodikelihood units from the global minimum for R. The goal is to
acheve bounds at least as wide as the 12.5% and 87.5% quantiles estimate@017

spawning biomass

Rationale Other approaches faonstructing thelecision tablege.qg., usingv or h) did not
provide enough contrast

Response The STAT did not haverie during the STAR meeting to complete the
construction of the decision tableShe STAR Panel Chair will review the tables when they are
completed.

* After the STAR meeting th@anelChair, in discussion with thether Rnelists and members of the
Scient fi ¢ and Statistical Commi tteebds Groundfish Si
use for the change in negative {lidgelihood is 0.662 rather than 1.18, which is the value corresponding
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to 87.5% confidence limits rather than the intended €6%#idence limits. This was communicated to
Dr. Melissa Haltuclvia emailon 07/13/2017.

Description of the BaseM odels (Northern and Southern) and Alternative
Models used tdBracket Uncertainty

The northern and southern models shared numerous features. Each was for a single area and
modeled the stock present there using a sisggeson, a singlgrowth-morph, twesexesand
covered the period 1888016 with catches andecruitment deviationbeginning in 1889from

an unfished equilibriugithe main period for recruitment deviations was 196%5 Both
models had steepness fixed at 0.7; female natural morfdijtiixed at 0.25%ear" (the median
of a prior based on a maximum age of 21 yearsd maleM was estimate(based on the same
prior). Both models used the same internal structure for ages (ranging from zero to an
accumulator age of 25) and similar internal structures for lengtbs (ength bins ranging from
10 to 130 cm in the northe model and from 4 to 130 cm in the southern modEhe
parameters fathe growth curves(lengthratage)were fully estimated except ftie parameter
controlling female length at aget in the northern model

Both models were informed Isurveybiomassandicesand biological data (lengibompositions)
from the early 19831992 and late 19952004 Triennial trawl survey and the NWFSC trawl
survey (208-2016) by marginal ageompositions from the late Triennial trawl survey, ayd
conditional ge-atlength compositiondata fromthe NWFSC trawl survey artie Lam research
project (2016).Both models had trawl and fixegear commercial fishing fleetsat included
lengthbased retention to account for discarding with observationsthe Wets Coast
Groundfish Observer Programh discard rate§20022015)and discard lengtbompositions
(2004-2015) Both modelsvere informed by trawl fishery CPUE indicks the periodl981:
1997and these indices had estimated parameters for extra variébiitg_SD)

Both models used doubleormal, lengtkbased selection curves for all fleets and did not
constrain any fleets to have asymptotic selectivity.

Neither model used the age data available from the fishing fleets due to concerns about the
apparentnfluence of norrandom selection of fish for ageading and agdata that included
fish that had been usexed or possibly missexed.

The models differed in terms of the followisgucturalfeatures.

Feature Northern model Southern model
Recruitmentwariability () 0.55 0.75
Maturity L50% =56.7cm L50% =52.3cm
Slope =0.269 Slope =-0.219
Growth Length at agd4 fixed at110
cm
Fishing fleets ORrecreational CA recreational
WA recreational
Survey indices Central CA hook and line
FisheryCPUE indices OR nearshore comancial
fixed-gear

OR recreational dockside
WA recreational dockside
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Feature Northern model Southern model

Indices with ExtraSD OR nearshore commercial
fixed-gear
OR recreational dockside
WA recreational dockside

The models also differed thetime-blocking used with th&xed-gear and recreational fishing
fleets.

In both models theehgth andCAAL compositional data were tuned using Erancisapproach.
There was ndaerative reweighting applied téhe surveyndices but some indices had associated
Extra_SD parameters that were freely estimated (indicated in the table.aBotle)nodels also
were tuned to haveuitablebiasadjustmentg$or recruitment variability and there were slight
adjustments tthe Ur parameter values relative to the draft models brought to the STAR.

To bracket uncertaintfpr the decision table the STAT used low and high fixed values fB@)n(
to achieve estimates of spawning biomass in 2017 that corresponded 2dtheand 87.5th
percentiles estimated for theasemodel (i.e., base mod8B;7+/- 1.15 times its estimated
standardleviation)

Following the STAR the STAT conducted additional jitter runs to confirm convergence of the
final base models. ENSTAT found a slightly better fitting southern base model thamodel
reviewed on the final day of the STAR

Technical M erits of the Assessmerst

1 The new north and south assessment models for lingcod make good use of the large amounts
of data availabléor these stocks.

1 The STAT was able to resolve problems encountered during the 2009 assessment for lingcod
that resulted in the removal of all the available age data during the 2009 STAR.

1 The STATwas fully responsive to STAR Panel requests and demaststransiderable skill
revising the draft base modétsresponse to Panel requegtisyducing presentations to
illustrate the relevant resujtand working with the Panel to develop acceptable base models
that addressed the major concerns to the extentitbeytractable during the course of the
review.

Technical Deficienciesof the Assessmeirst

Overall,there were no serious technidaficiencies witithennorth and south lingcod
assessmest Althoughthere weresomeunusualpatterns irtheresiduals fothe biomassndices
and compositional datéheseare likelydue to inconsistent trends within anetlween different
data sourcethat only a much more complicated model structure caadtify.

Areas ofDisagreementRegarding STAR PanelRecommendations

Among STAR Panel members (including GAP, GMT, and PFM€presentatives):
None
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Between the STAR Panel and the STAT Team:
None

Management,Data, or Fishery | ssuesRaised by the GMT or GAP
Representativesduring the STAR PanelMeeting

None

UnresolvedProblems andMajor Uncertainties
The final base models leftraumberof problems unresolved.

1 The models did naise theavailableage datasampledrom the fishing fleetslue to concerns
that tnsexed fish had been assigned equally to the sexes widgaut! to lengtlandbecause
of evidencehere had beenonrandom subsampling of fish for ageading.

1 The available ageeadings had been done by at least two laboratoi@gas unclear that
agereadingprotocols had been employed consistgntl

1 Inthenorthern model the STAT fixed the parameter for female lengijeafi4 years
because when this parameter was freely estimated the model estimated asymptotic selection
for the trawl fishery and greatly altered the estimates of spawning biomass. Italees un
what data sources were responsiblethis result.

1 Sensitivity analysefor draft versions of both modelsdicatedtheywere sensitive to
underlying structural assumptions such as the starting year for recruitment deaations
which indices weréncluded. Although the revisions to the models developed during the
STAR may have lessened the sensitivity of the models by removing sources of tension and
keeping the more reliable data, there was not sufficient time during the review to explore the
sengivity of the final base models.

There are severahajorsources otincertainy in the assessments for lingcod off the U.S. West
Coast.

9 Stock structure Aspects of the lengtrand agecompositions evident in the NWFSC survey
data strongly indicate spatipatterns that probably cannot be well mimicked with separate,
independent models for the north and thetks (Appendix Fig. A.3)

1 Key productivity parametersNeither the northern model nor the southern model were able
to estimateéhe steepness dhefemale natural mortality parameters given the available data.
Values forthese key parametenad to be fixed but there is very little knowledge to inform
the choice of those value#s such this is a source of considerable uncertaidtying
review ofthis report the STAT suggested that including the@eposition data in the
northern base model (data had been removed during the STAR) would allow estimition of
andh.

1 Habitat area, north versus soutfhe northern and southern base models estimate
appreciablalifferences in the unfishespawningbiomass of lingco@37,974mt in the north
versus20,462mt in the south).It is unknown vinether such a difference is consistent with
the habitat areasuitable to support lingcod in the north versussiath.
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Prioritized Recommendations forFuture Research andData Collection

Specific recommendations for the nebihgcod assessment

Prior to the next iteration of this assessment the age data available from the fishing fleets should
be carefully screened tdentify and possibly rectify aberrasta

1. There should be a study to cresdidate agaeadings of lingcod among the different
laboratories contributing age data to the assessment. It may be necessary to develop
laboratoryspecific (and possiblyear-specific) ageinggrror vectors.

2. Available information on lingcod catches, abundance trends, ancbaggositions should be
acquired from Canadian and Mexican authorities to take an initial step towards a more
spatiallycomprehensive view of lingcod pdpation trends and dynamics.

3. The next iteration of this assessmemitld be an update assessmdha full assessment is
done it should explore developing a spatial model that encompasses the northern and
southern areamther than again treating theasindependent stockasin the currentaind
previousassessmesit

General recommendations fall assessments

1. Modify the software used to develop lengiimd agecompositions from PacFIN dasa that
unsexed fiskare flaggedather tharincluding them in compositions after thatormatic
application of an assumed sematio (e.g., 50:50). If the analysts preparing the composition
dataneed to develop sematio coefficients to accommodate unsexed fish (e.g., by ldrgjh
the assessment documents should clearly state the matibdataisedfor this purposend
the resultingsexratio coefficients.

2. If assessments use marginal-@gempositions the STATs should evaluate whether the raw
data are consistent with random sampling from the available lengths. If the ages appear
to have been subsampled aamdomly (e.g., no more than 5 fish from any lergth), the
age data should beisably expanded to reflect the variable sampling fraction.

3. A standard approach for combining conditional-agkength sample data into annual CAAL
compositionshouldbe developed and reviewed. If age data are not selected in proportion to
the availal® lengths, simple aggregation of the ages by lehgtimay provide biased views
of the overall ageomposition and yeaslass strength.

4. Comprehensively evaluatehetherthe Triennial surveghould be split into early and late
segmentsnd the basis for rking the decision The lingcod assessment split the Triennial
survey into separate early and late surveys, whereaswlas a single Triennial survey in the
draft assessmefr Pacific ocean perdbrought to this STAR

Acknowledgements

The STAR PandhanksStacey Miller for providing excellent logistical support both in advance

of the STAR meeting and through the week of the review. The Panel also acknowledges the
helpful assistance provided by Dr. Jim Hastie for answering questions regarding past
assessments and Council management actions and Dr. Jim Thorson for providing an overview of
the VAST software and how its recommended use when applied to the analysis of the NWFSC
trawl survey data.

Lingcod STAR Panel Report Page27



References

Haltuch,M.A., Wallace,J., Akselrud,C.A., Nowlis, J.,Barnett, LA.K., Valero, JL., Tsou, T-S.,
and Lam, L. 2017DRAFT 2017 Lingcod Stock Assessment

Hamel, O., Sethi, S.A., and Wadsworth, T.F. 2009. Status and Future Prospects for Lingcod in
Waters off Washington, Oregon, and CalifornigAasessed in 2009. Pacific Fishery
Management Council, Portland, Oregon.

Pacific Fishery Management Council. 20I8eport on the nearshore stock assessments
workshop. Available fronfttp://www.pcouncil.org/resources/archives/briefingoks/june
2015briefing-book/, Agenda Item D.8, Attachment 10

Pacific Fishery Management Coun@016. Terms of Reference for the Groundfish and Coastal
Pelagic Species Stock Assessment and Review Process 7o2QEBL Available from
http://www.pcouncil.org/groundfishistk-assessments/terro$-reference/

Lingcod STAR Panel Report Page28



Appendix

Table A.1. Blocking structure for the northThe table does not indicate the initial blocks
which began with the start of the model in1&8¢he final base model

Time Block Relevant Fleets Rationale

19982010 Fixed (retention)

20112016 Catch shares program

19982006 Trawl (retention) Begin Implementation of
Ground Fish Gfish)
Regulations

20072009 Gfish Regulations

2010 Pre-catch share behavior
change

20112016 Catch shares program

19731982 Trawl (size sel) Gear regulatory changes

19831992 Gear regulatory changes

19932002 Gear regulatory changes

20032010 Rebuilding, Closed Areas

20112016 Catch shares program

19992016 Oregon recreational | Regulatory change

(size sel)
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Time Block Relevant Fleets Rationale
19982001 Fixed (retention, size | Begin Implementation of Gfislf
sel) Regulations

2002

20032010 Rebuilding, Closed Areas

20112016 Postcatch shares

19982006 Trawl (retention) Begin Implementation of Gfislf
Regulations

20072009 Gfish Regulations

2010 Pre-catch share behavior
change

20112016 Catch shares program

19731982 Trawl (size sel) Gear regulatory changes

19831992 Gear regulatory changes

19932002 Gear regulatory changes

20032010 Rebuilding, RCA, CCA

20112016 Postcatch shares

19591974 CA recreational (size | MB regional comps

sel)

19751989 S. Cal. regional comps

19962003 MRFSS

20042016 RecFIN
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Table A.3. Summary of northern model fitparameter estimatesnd derived quantities for
the STATG6s resp.onse

t o

Request

2.

1

A Simple: NWFSC & Triennial indices and congata no fishery indices or complata

B + Trawl Index F + Trawl CAAL

C + FixedGear Index G + FixedGear CAAL

D + WA Rec Index H + OR Rec CAAL

E + OR Rec Index I + WA Rec CAAL

North lingcod models = A B C D E F G H I

TOTAL_like 1376.5 1364.0 1352.8 1333.9 1311.3 15847 19426 19522 20328

Likelihood components
Surv_N_TRI_Early 5,51 -17.15 2.41 -18.85 -2454 267 -3.35 140
Surv_N_TRI_Late 037 -559 -560 -496 -4.58 0.54 -2.09  0.44
Surv_N_NWFSC -21.11 145 126 289 3.74 -18.13 -18.57 -19.55
Len_N_TRI_Early 27.15 27.14 27.14 2723 27.81 46.18 45.46 47.30
Len_N_TRI_Late 20.59 20.16 20.10 19.89 19.66 28.70 27.12 31.64
Len_N_NWFSC 70.90 71.48 7180 7230 7217 94.16 107.58 106.85
Age_N_TRI_Late 25.12 24.68 24.72 24.68 24.72 38.08 32.15 38.07
Age_N_NWFSC 356.31 359.91 360.00 360.74 360.42 658.73 650.31 650.25
Survey_like -26.24 -42.44 -5453 -74.39 -99.79 -88.69 -31.91 -84.23 -84.68
Discard_like -48.18 -50.95 -50.74 -52.34 -52.26 -38.36 -43.81 -47.68 -36.58
Length_comp_like 1003.2 1007.6 1008.2 1010.3 1013.1 1272.2 1337.6 1386.1 1365.7
Age_comp_like 444.8 447.6 447.7 4483 4480 14691 18136 18257 19071
Parm_priors_like 034 037 037 036 035 012 012 0.08 0.5

Parameters
NatM_p_1 Fem_GP_1 0.257 0.257 0.257 0.257 0.257 0.257 0.257 0.257 0.257
L_at Amin_Fem GP_1 16.32 16.17 16.23 16.22 16.24 889 1209 12.97 11.98
L_at_Amax_Fem_GP_1 112 112 112 112 112 112 112 112 112
VonBert K Fem_GP_1 0.126 0.127 0.126 0.126 0.126 0.090 0.074 0.065 0.060
CV_young_Fem_GP_1 0.141 0.141 0.141 0.142 0.142 0.483 0.235 0.250 0.281
CV_old_Fem_GP_1 0.070 0.070 0.070 0.070 0.069 0.010 0.500 0.500 0.500
NatM_p_1 Mal_ GP_1  0.297 0.301 0.303 0.300 0.299 0.189 0.246 0.226 0.257
L_at Amin_Mal GP_1 15.81 15.62 1558 15.58 1557 10.00 10.00 10.00 10.00
L_at_ Amax_Mal GP_1 76.33 75.56 75.44 7524 7521 4191 110.00 58.84 66.51
VonBert K Mal_GP_1 0.295 0.307 0.309 0.311 0.311 0.779 0.062 0.427 0.352
CV_young_Mal_GP_1  0.158 0.159 0.159 0.159 0.159 0.010 0.500 0.010 0.012
CV_old_Mal_GP_1 0.072 0.074 0.074 0.075 0.076 0.500 0.500 0.500 0.500

Derived quantities
SSB_Unfished1000 mt 1855 18.89 18.96 18.63 18.52 2290 33.16 27.26 29.53
Recr_Unfished_millions 4.0447 4.1119 4.1292 4.0644 4.0417 5.7527 7.1241 5.9992 6.6346
Bratio_2017(depletion) 0.3348 0.4609 0.4472 0.4549 0.4377 0.1484 1.0577 0.5038 0.4884

Lingcod STAR Panel Report

Page31



Table A.4. Summary of southern model fits, parameter estimates, and derived quantities for
t he Siegpdnéedo Request 2.1.

A Simple: NWFSC & Triennial indices and congata no fishery indices or complata
B + Trawl Index F + Trawl CAAL
C + Recr. Observer Index G + FixedGear CAAL
D + Hook & Line Survey Index
E + Wadsworth Index
South lingcod models A B C D E F G
TOTAL_like 1327.1  1306.3 1293.4 1293.0 1287.4 2003.4 2034.0
Likelihood components
Surv_N_TRI_Early -2.00 -2.26 -2.27 -2.27 -2.21 -1.67 -1.67
Surv_N_TRI_Late -2.13 -1.58 -0.34 -0.23 -0.16 0.03 0.04
Surv_N_NWFSC -15.39  -14.99  -13.20 -12.39  -1251 -9.96 -9.89
Len_N_TRI_Early 22.85 24.17 24.32 24.33 24.10 33.24 33.46
Len_N_TRI_Late 106.45 106.59 107.83 108.01 108.30 11592 116.48
Len_N_NWFSC 37.35 37.76 37.05 36.77 36.69 35.72 35.69
Age_N_TRI_Late 20.46 19.82 20.20 20.24 20.42 19.17 19.02
Age_N_NWFSC 357.83 356.87 357.29 357.42 357.76 445.10 447.07
Survey_like -19.52  -46.18 -59.09 -59.27 -67.61 -52.26  -51.69
Discard_like -9.14 -9.24 -8.75 -8.67 -8.49 -8.02 -8.01
Length_comp_like 907.8 910.0 904.3 903.7 906.6 950.6 952.4
Age_comp_like 444.6 444.1 445.4 445.5 4456 11095 1137.7
Parm_priors_like 0.42 0.43 0.51 0.52 0.52 0.58 0.58
Parameters

NatM_p_1_Fem_GP_1 0.257 0.257 0.257 0.257 0.257 0.257 0.257
L_at Amin_Fem_GP_1 18.13 18.08 17.96 17.93 17.96 19.07 19.10
L_at_Amax_Fem_GP_1 93.92 93.62 92.92 92.71 92.92 90.84 90.87
VonBert_K_Fem_GP_1 0.126 0.128 0.134 0.136 0.134 0.099 0.098
CV_young_Fem_GP_1 0.153 0.154 0.156 0.156 0.156 0.144 0.143
CV_old_Fem_GP_1 0.067 0.067 0.066 0.066 0.067 0.064 0.064
NatM_p_1_Mal_GP_1 0.310 0.312 0.326 0.326 0.326 0.335 0.335
L_at Amin_Mal_GP_1 18.21 18.24 18.09 18.05 18.02 18.45 18.46
L_at_Amax_Mal_GP_1 84.69 84.71 82.82 82.57 82.28 76.01 75.82
VonBert_ K_Mal_GP_1 0.156 0.153 0.166 0.168 0.171 0.188 0.189
CV_young_Mal_GP_1 0.138 0.138 0.142 0.143 0.143 0.138 0.138
CV_old_Mal_GP_1 0.088 0.090 0.082 0.081 0.079 0.087 0.088
Derived quantities
SSB_Unfished_1000_m 32.04 19.76 18.16 18.07 18.69 35.42 37.24
Recr_Unfished_millions 7.543 4.697 4.416 4.422 4.545 9.423 9.889
Bratio_2017 (depletion)  0.5974  0.3777 0.2298 0.2259 0.2395 0.7411 0.7571
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Figure A.1. Pearson residuals for the encounter rates (left panels) and positive catch rates
(right panels) from the application of the VAST to the trafishery logbook data series.

Encounter rates Positive catch rates
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