Version of Record: https://www.sciencedirect.com/science/article/pii/S0165783619300785
Manuscript_cce736f11bd7191be5776dead422a3648

1 Theutility of length,age liver condition,and mdy condition br predicting naturity and

2 fecundityof femalesablefish

4  Author: CaraJ.Rodgveller

6 AlaskaFisheriesScienceCenter National Oceaniand AmosphericAdministration,

7  National MarineFisheriesService

9 Address:
10  Auke BayLaboratories
11 AlaskaFisheriesScienceCenter
12 17109 Bint LenalLoop Road
13 JuneauAK 99801
14 USA
15
16  cara.rodgveller@noaa.ggeorrespondinguthor)

17

© 2019 published by Elsevier. This manuscript is made available under the Elsevier user license
https://www.elsevier.com/open-access/userlicense/1.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0165783619300785
mailto:cara.rodgveller@noaa.gov

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

ABSTRACT: Theobjectivesof this studywereto determinef relativebodycondition ad
relativeliver size(hepatosomatimdex,HSI) could ke utilized to pedictmaturity 6-8 months
prior to pawning,whensamplesarereadilyavailable and ifthesecondition neasuresvere
related to écundity.Femalesablefish veresampled a four surveylegsduringasummer
longlinesurveyin July and August2015 and during awinter surveyin Decembe2015,which is
1 to 3 nonthsprior to the spawningseasonn the Gulf of Alaska.Therelativebodycondition
and elativeliver weight(hepatosomatimdex, HSI) of fish increasedhiroughouthe summer
survey,reaching reasurementsimilar to thoseobserved dring the winter. Therewere
significantdifferencesdbetween irmatureandmaturefish HSI andrelativebodycondition and
thesedifferencegncreasedhroughouthe summermakingthesefactorsusefulfor predicting
maturityon thelastlegsof thesurvey.On thesdaterlegs,modelsthatutilized relativebody
condition ad HSI, aswell aslength ad age,to predictwhethera fish wasimmatureor would
spawn poduced naturity curvesthatbestmatchedmodelsbased a histologicalmaturity
classificationsHowever,modelswithout HSI maybethe bestchoicefor futurework because
liver weightis notregularlycollected @ annualsurveysand a the lastleg d thesurveythey
provided naturity curvesthatwerevery similar to thosemodelsthatincluded FsI. Utilizing the
winter datasetwhen fcunditycould ke enumeratedecunditywassignificantlyrelated ©
relativecondition aad HSI. Increasingor decreasinghesemeasuresf condition ty onestandard
deviation n amodelof fecundity,which dso included &ngth,resulted in a estimated @écrease
in fecundityof 32%or an ncreasef 47%for anaveragesizefish (78 an). Theseresultsshow

theimportanceof incorporatingfish condition irto measure®f population poductivity.
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1. Introduction

A decreasén fish condition,often nmeasured srelativeliver weight, Fulton’scondition
factor (Fulton 1904),or relativecondition,havebeen inked © reduced écundityand ctlayed
maturation €.g.,Lambertand Dutil 2000;Rideoutand Rose2006;Skjaeraasental. 2012;
Skjaeraasent@l. 2015).Becausef theserelationshipscondition fasbeen ged siccessfullyto
predictspawning(Morgan 204;MorganandLilly 2005;Rideoutetal. 2006)and £cundity
(Skjaeraasental. 2013).For populationghatexperience fluctuatingenvironmentand
accompanyingariablecondition,it is importantto evaluatehow condition ndicesrelateto
aspect®of reproduction ad population poductivity. Forexample condition ndiceshavebeen
used n paceof spawningoiomassn the stock-recruitmentelationship ér Atlantic cod kecause
theyservedasan acuratemeasuref populationproductivity (MarshallandFrank1999;
Marshalletal. 1999;Marshalletal. 2000;Marshalletal. 2003).

Relativeliver weightand kody condition ae commonlyused a measuresf energy
storagepoth kecausdiver weight,bodyweight,and ength aerelativelyeasyto wllectand
because¢heyarerelated 6 fecundityandmaturation organ ad Lilly 2005;Rideoutetal.
2006;Skjaeraasental. 2013).Theutility of liver weightand tody condition ae dependenbn
when measurementarecollected vithin the reproductivecycle. For examplejf afish is
depleted fom gpawningand issampled por to restoringenergyreservesimneasurementsf
condition may notindicatefuture spawning(e.g.,Atlantic cod, Skjaeraaseptal. 2009).In
addition,for manyspeciespocytedevelopmenteadingto afuture spawningeventis only
evidentduringa portionof thereproductivecycle. Findingthe appropriatgeriod br both 1)

collectingliver samplesand ondition neasurementand 23 accuratelydeterminingf afish will
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spawn in tle future spawningseason igssentialvhen wsingthesedataasindicatorsof future
spawningand cundity.

SablefishAnoplopoma fimbria inhabitthe northeastern &tific Oceanfrom northern
Mexico to the Gulf of Alaska,westward to th Aleutianislands,and nto the BeringSea
(Wolotiraetal. 1993).In Alaska,fish age-3 aad dder (maximum geis 94) (Kimuraetal. 1998)
residein watersapproximately150-1,000m deep #ongthe continentaklope,in cross-shelf
gullies,and in rearshoreleep bannelgRuteckietal. 2016).Theyspawn n the late winter or
earlyspringthroughoutAlaska(Sigleretal. 2001;Rodgvelleretal. 2016)and ae batch
spawnersvith group ynchronousoocytedevelopmenand ceterminatdecundity(Hunteretal.
1989).Theyarea commerciallyymportancespecieff Alaska,theU.S.westcoast,and Bitish
Columbia,CanadaThe sablefishAnoplopoma fimbria fisheryin Alaskawasvalued 4$97.6
million in 2016 (Fisseletal. 2017).

In Alaska,the NationalOceanicand AmosphericAdministration’s(NOAA) Alaska
FisheriesScienceCenter(AFSC) conductsan anuallongline surveyfrom June—August
throughoutAlaskato estimatetheabundancef selectgroundfish pecies Although ths is not
closeto the time of yearwhen fsh ae spawningit is the only time period when ssmplesare
regularlyavailablefor maturity classification Maturity is assessednnuallyon thesesummer
surveysmacroscopicallywith the naked ge) while at-seaHistologyis not regularlyusedfor
classification lecausef time constraintsat-seaand hehigh mstsassociated ith dide
preparation ad interpretation At-seaobservationsiavenotbeen gsed br assessmeittecause
macroscopiclassificationsan te biasedf collectionsareearlyin developmentPossible
reasongor thiserrorare:1) somefish thatwill spawn lavenotinitiated acytematurationyet;

2) ovarieswith maturing @cytesarenot easilydistinguishabldrom fish thatwill notspawn
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becauséheovaryis still smalland the oocytesarenot yet visible macroscopicallypr 3) an
effectof staff changegobservereffect).

Theobjectivesof this studywereto: 1) examinethe progression bliver sizeand ody
condition troughouthe surveyto determineat whatpointthereis aseparation étween
immaturefish and thosethatwill spawn;2) determindaf futurespawning an ke predicted dring
anyportion d thesurveyusingcondition,length,and ge,but no maturityinformation;and 3
determindf condition isrelated ® measurementsf fecundity,in collectionsin winterjust prior
to pawning.Thisinformation ®uld beused to povideatime seriesof maturityatageand

fecunditybased o measurementhatcaneasilybe collectedat-sea.

2. Methods

2.1 Annual summer survey

TheannualAlaskaFisheriesScienceCenterongline surveyextendghroughouthe Gulf of
Alaska(GOA) and nto theeastern BringSeain oddyearsand the Aleutian klandsin even
years(Ruteckietal. 2016).For this study,samplingoccurred in 215 in the Gulf of Alaskaonly,
includingthe EastYakutat(EYAK), WestYakutat(WYAK), and G&ntral GOA management
areaJCGOA) (Legs3—7of thesurvey,Figurel). As partof theregularsurveydesign stations
wereplaced gstematically37—-56km apartalong hecontinentakhelfandin cross-shelfullies.
Gearwassetat depthsfrom goproximatelyl50—-1,000 mAt this depth angethe greatmajority
of sablefish &2 >2 yearsold (Ruteckietal. 2016).Sablefish verecollectedfor biological
samplesusingarandom,systematiccamplingdesign s thatsamplesveretaken fom dl depths

at100-200 mntervalsastheyarein al years.Leg3 began o 5 dily, 2015 & the southern-most
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station in E'AK and hen amplingprogressed estward {ablel, Figurel). Thelastdayof
samplingwason 6 August2015.Datesof samplingfor each égarepresented in @blel. Leg4
overlapsheareasampled o Leg 5 and Leg 4 isonly two dayslong; thereforejn analysedegs4
and 5 verecombined {ermed legs4/5). Different scientistsaaredeployed o each lgy of the
surveyand the personnevary eachyear,buttrainingis providedfor scientistsaand gotographs

areprovided a areferenceThestation wsitionsand amplingdatesremain tle sameeachyear.

2.2 Winter survey

A specialprojectwasconducted earbyKodiak Island n the CGOA (Figurel), which is
theapproximatecenterof the Alaskasablefish ppulation ad overlapspartsof Legs6 and 7
(Hanselmanteal. 2016).A trawl vesselwaschartered to @nductfishing operationgrom 3—10
Decembef015.Measurementand tssuesverecollected fom dl females.To locatespecimens
from thefull rangeof agesand lengthsof matureand immaturefemalestrawling operations
wereplanned & samplethe continentaklopeandcross-shelfjullies.Locationswerechosen
based o commercialfisheriescatch ates AFSC bottom tawl surveycatchesgatchegluring a
sablefish maturity studyin Decembef011,and their proximity to Kodiak, Alaska(Rodgvelleret

al. 2016).

2.3 Fish sampling

Sablefish slectedfor biologicalsamplingweremeasuredfork length inmm) andweighed
(g) on amotion-compensatingcale. Sagittalotoliths wereextracted ad dored ay in vials.
Otolithswereaged ly personnebf the AFSC Age and Gowth Programusingstandard,
validated nethodg(Kimuraand Anderl2005;Kimuraetal. 2007).Ovarieswereplaced ino

individual cloth bagswith labelsand sibmergedn a5-gallon tucketcontainingexCell Plus™
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tissuefixative. Livers werefrozen a-seatransportedd the laboratory fozen,and hen trawed
and weighed Fish lengths,weights,and doliths arecollectedannuallyand Iversand waries

werecollected n 2015 for this study.

2.4 Maturity classification
Histologicalslideswerepreparedfom sectiongakenfrom the middle of theovary.Each

samplencluded gportion d theovarianwall. Thethicknesf the ovarianwall hasbeen sed b
determindf afish haspreviouslyspawned in@veralfish taxa (Rideoutand Tomkiewicz2011)
includingsablefish Rodgvelleretal. 2016).Previously,Rodgvelleret al. (2016)found that
oocytedevelopmentid not vary within both ovariesand ® onesamplewasanalyzed prfish.

Ovarian tisueswereembedded in graffin, sectioned 85—6 pm, stainedwith
hematoxylinandcounterstained ith eosin.Histologicalslideswereexamined rnitroscopically
and hestageof oocytedevelopmentvererecorded gingmethodaused inRodgvelleretal.
(2016)for sablefish Table2), which uilized samplesfrom the winter, approximatel\2 months
prior to awning.The maturityclassification vasbased a the mostadvanced ocytestage
presenin the ovaryandotherstructureqTable2). Skip awningfish werearrestedn
developmenin eitherthe multiple nucleoli, perinucleolarpr early cortical alveoli stagesUnlike
immaturefish, theyalsohad &idenceof pastspawningsuchasathick ovarian vall and dgher
characteristic§Table2) (Rodgvelleretal. 2016).Becauseskip awning fsh in Rodgvelleret al.
(2016)and RPodgvelleretal. (2018)did not haveadvancedaorticalalveoli stagegpresentpvaries
with oocytesin this stagein the summemwerestaged adevelopingowardspawning.

Fishwerealso dassifiedmacroscopicallyat-seaby scientistswho varied anonglegs.

Fishwereclassifiedasimmature maturing,and esting.No attemptwasmadeto identify skip
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spawningmacroscopicallypecauset wasfirst identified n sablefish h 2011 Rodgvelleretal.
2016)and isdifficult to identify without histology.Immaturefish weredefined & havingthin,
tubularovarieswhereoocyteswereindistinctthrough he ovarian vall. Matureovarieswere
defined & distendedvith opaquewhite, and dscernableoocytes Ovarieswereclassified a
restingif theywerelarge,but notflaccid, and mcyteswerenot discernableFish in the resting
and naturestagesvereclassified a maturein logistic modelsof ageat maturity,asdescribed in

section 27.

2.5 Liver size and body condition

For both simmerandwinter samplestherelativeliver weightwascalculated aan ndex
of liver size,termed tle hepatosomatisxdex,whereLW;,is theliver weightandW;,wasthetotal
fish weight(HSI; equation L TheHSI can le correlated wh maturation ad fecunditybecause
theliver servesasenergy forageand iswherevitellogenin s synthesizedRetersen 479,

Emmersenad Emmersen 276).

(1) HSI,,= 1002—

Relativebodycondition RC)in g wascalculatedasthedeviation h measured wight

from thelength-weightcurveof all fish ampled n the 2015 simmersampleswhereL;,wasthe

fish length ad W;,wasthetotal fish weight(equation 2.

(2) RC is theresidualof W; =2 L,??
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TheHSI or RCfor each €gwerecomparedd one anotherfor matureand mmaturefish
separatelyusingan ANOVA. Within each ANOVA, pair-wisecomparisondetween égswere
analyzed ging Tukey-KramemrSD tests(Zar 2010).Within each leg, t-testswereused b test
for significantdifferencesetween inmatureandmatureHSI or RC. Shiftsin theseindices
throughoutheyearmayindicatewhen mmatureand naturefish begin toshowdifferentenergy
storagestrategiesHSI| and RC werealso sed inmodelsto predictfecundityandmaturity,as

described inection 26 and 27.

2.6 Fecundity

Ovariesfrom thewinter werechosen ér fecundityestimation iftheyhad vtellogenic
oocytesand ro post-ovulatoryfollicles in histologicalovarycrosssectionswhich would indicate
thatpartial spawninghad @curred.The advancedmature)cohortof oocytesvasclearly
separabldérom the early developing(immature)cohortbased o cocytesizeand gpearanceas
described dr sablefish ly Masonetal. (1983)and Hunteretal. (1989).Thisindicatesthat
sablefish vedeterminatdecundity,whereonly onecohortof oocytesdevelop vithin a
spawningseasonFish d awide rangeof lengthswerechosen ér fecunditymeasurements.

Fecunditywasmeasuredisingthe gravimetricmethod(Muruaet al. 2003),wherea
subsamplef matureoocytesfrom an ovary is weighed the numberof oocytescountedand he
numberof eggsperg multiplied by thetotal ovaryweight. Samplesveretakenfrom the anterior,
middle,and msteriorsectionof oneovary. Thethreemeasuresf eggsperg wereaveragednd
then nultiplied by thetotal ovaryweight.

A multiple linearregression bfecundityandmeasurementsf maternakizeand

condition werefit usingthefull model(equation 3. In equation 3log(F)2vasthenatural
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logarithmof fecundity,/2vastheintercept,HSI;,wasthe hepatosomatitidex (equation }, L;,
wasthefish length,W;,wasthetotal fish weight, RC; wastherelativecondition ¢quation 2, and

e;wasthenormal,random eror.

(3) lOg(Fl) =]+ HSILZ+ Li2+ Wi2+ RCL'2+ €ir

In equation 3fecunditywaslog transformed s thatg-q dots of theresidualdrom linear
regressionsvith theexplanatoryariablewerelinear,indicatingnormallydistributed esiduals
(Thode2002).Akaike Information Qiterion (AIC) valuesfor thefull andreducednodelswere
comparedand hemodelwith thesmallestAIC . waschosen athe bestmodel(Akaike 1974).
Forthefecundityanalysisfish weresampledm winter; thereforethe RC valuesfor this analysis
werecalculated singfish sampledfor maturityand cundityin thewinter (equation 2 All fish
sampled in interwereincluded,notjustthosesampled ér fecundity. Theadjusted R(equation
4) wascalculated ér modelsof fecundity,whereDF is the degree®f freedomandCT is the

corrected atal (equation %

. _ Mean Square (error)2
(4) Adjusted R2 =1 —Zum of squares (CT)/ :
DF(CT)2

2.7 Predicting maturity using fish condition, size, and age
A logistic modelwasused to pedictwhetheran individualfish wasfunctionallymature
(would gpawn n the comingwinter) orimmaturefor sample<ollected o all legs(3—-7) of the

summersurvey(equation % Theresponsavaseithermature(1) or not mature(0). Therewere



226  too fewfish thatwereskip pawning,asevidentin the histologyslides,to includethemasa

227  responseariablein the model. Therewerell «kip spawningfish in the summerdatasetand

228 therewereonly O to 6 &ip spawningfish on each leg.

229 In equation Sthesurveyleg (3-7),Leg;, is representeds4 categoriesr pooledinto 2
230 categoriesThreepoolingoptionswereexplored:1) Leg 3 as onecategoryand ad Legs4/5,6, 7
231  asanother2) Legs3, 4/5,6 as onecategoryandLeg 7 astheother;3) or Legs3 and 45 asone
232 categoryandLegs6 and 7 as other.Lj,is thefish length, A is theage, HSIj,is thehepatosomatic
233  index(equation }, RC;,wastherelativecondition gquation 2, and tte interactiondbetween K5l
234  and RC with leg wereincluded b accountfor differenceghatmayoccurdueto geographyor

235  samplingtiming:

236
238
239 Fishfrom Leg4 werenotincluded h modelswhereagewasincluded lecausehereare

240  no gesavailablefor thesefish. Thefull model(MO) and &veralothernested rodelswere

241  chosendr acomparison bprediction @curacy(Table3). In thesemodelseitherage,HSI, RC,
242  ortheinteraction érmswereexcluded M1-M4) becaus¢hesemeasurementarethe mosttime
243  consumingo ollector expensiveao dbtain a theymaynotalwaysbeavailableon annual

244  surveydqparticularlyHSI). A modelwith ageand kength aly (M5) wasincluded & the most
245  basicmodelfor comparison bcauset excludesall condition ndicesand wolsdatafor all legs.
246 Thesemodelswereusedto predictif each imividual fish wasmatureor immatureand

247  theprediction vascompared to tamaturitydesignationrfom histologyslides.Summarie®f
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each nodel'spredictionsuccessveremeasuredsthe percentclassification accesdor

immatureand naturefish by surveyleg.

2.8 Age at maturity
Age at maturitycurves,usingl) the predicted maturity from eachmodelaswell as2)
maturitydesignationgrom histology, wereexamined gingthetwo-parametelogistic function

is given by,

(6) Paz=2/(1 + e~0(@7%50%)) 2

wherep,,is theestimateof the proportion natureatage,o is theparametethatdescribeshe
slopeof thelogistic curve(the speed awhich maturityapproache$00%),andasgy is the
parametethatdescribeshe ageat which 9% of thefish ae mature. The observed pportion &

agewascalculated g,

(7) Pa2= éﬂ '

Na2

wherem, wasthe numberof maturefish dbservedatagea andn, wasthetotal numberof fish a&
agea. We used hebinomiallikelihood to it theobserved pportion nmatureat agewith the
logistic modelgiven in equation 6 Becausaio sablefish ae known b be matureatage-Owe
penalized tk likelihood when naturity atlengthor maturityatage-Owasgreateithan ®o. The

penalty finction wvasaweighted east-squarbetween tk estimatednaturityat age-Oand @b,

given by:
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(8) P2= 2(po — 0)2,

whereP is the penaltytermadded ¢ the binomiallikelihood, py.is theestimated pportion
matureatage-0 ad X is theweightingterm,which wasselected to 100 n arderto balancefit

atage-Oand it to dderageswherematurityis greatetthan @o.

3. Results

3.1 Body condition and hepatosomatic index: summer and winter

The RC washighestfor maturefish (thosefish thatwould gpawn)on eachleg (Figure
2A); usingt-tests thereweresignificantdifferencesetweermatureand mmaturefish on dl
legsand n thewinter (Figure2A). Skip awning fsh weredocumentedwlLegs3 (N = 6), 4/5
(N=3),and 7 N = 2). In Figure2B, much d thesamedataarepresente@sin Figure2A,
exceptthateachmaturity categoryis presenteddgetherand &ip spawningfish ae includedfor
each sason\finterand simmer).An ANOVA wasusedto testfor significantdifferences
between ach kgfor each naturity categoryand aTukey-KramemSD testwasused to onduct
pair-wisecomparisonsvithin each naturity category Significantdifferencesdased a thesetests
arenoted inFigure2. Therewasa progressivencreasan RC for maturefish from Leg3 to Leg
7 (Figure2B); maturefish on Leg 3 had sgnificantly lower RC than ish sn Legs6 and 7 ad the

RC on Legs4/5 wassignificantlylowerthanlLeg 7.
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OnlLeg7,theRCwasatits peak ad wassimilarto the RCin the winter (Figure2B).
Winter samplingsiteswerein the sameareaasthosecollectedatthetail end d Leg6 and an Leg
7.1t is possiblethateither,1) thewinter indiceswerecloserto theLeg 7 than dherareasecause
of ageographieffect,or 2) samplesn the easterrGOA would havebeenmoresimilarto Leg 7
and hewinterif sampledaterin the summeratime effect. Therewereno significant
differencesetweeninmaturefish on any legsor between kip spawning fsh in the summerand
winter (Figure2B). Trawl gear,which wasused inthewinter, catcheswider length engethan
longline gear;however the condiiton ndicesarelikley comparablef thelength @ maturitydoes
not differ amongthosecaughtin trawl and bnglinegear.

Thesameanalyticaltoolswereused br HSI asfor RC. Thetrendsin HSI valueswere
similarto thosefor RC. TheHSI for fish thatwould pawn washigherthan imnmaturefish on
each &g Figure3A). Like RC,in thewinterthe HSI of skip awning fsh wassimilarto
immaturefish (Figure3A). Unlike RC,the HSI for immaturefish wassignificantlylargeron Leg
7 than o0 any othertime period Figure3B). Despitethisincreasetherewasstill a significant
differencebetweeninmatureandmatureHSI on leg7, becaus¢he HSI of maturefish wasalso
higherthan o atherlegs.Therewasa gradual significantincreasen HSI from Legs4/5 o 7 for
immatureand naturefish (Figure3B). ThemeanRC and H5I for skip gpawningfish increased
from summerto winter, butin both asegheincreasevasnot significant,possiblya resultof
smallsamplesizes(Figures2B, 3B; Table4). Overall,RC and H5l laterin the survey,

particularlyon Leg 7, werehigher(Figures2 and 3).

3.2 Fecundity



315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

Therangein lengthsof fish used h analysef fecundityranged fom 530 to 1010 nm
and fom 4 b 38 yearsold (samplesize= 39). Thebest-fitmodelincludedRC, HS, andL (or
W), with very similar resultswhen éther lengthsor weightwereincluded(Table5). Thelinear
model(equation Jused b estimaterelativecondition vasW = 2.598 * 107°(L2862). The
modelthatincludedRC, HS, andL wasused to pedictfecunditywhenHS andRC were
averaggRC = 0) and vhenHS and he RC wereonestandard dviation fom averageForafish
thatwas782 nm (averagdength),the predicted écunditywith an averageHS andRC was497
thousand ggs(Figure4). WhenHS wasonestandard dviation fom averagethe numberof
eggswaseither91 thousand ggsbelow(18%)or 111 thousand ggsaboveaveragg22%)
(Figure4). WhenRC wasonestandard dviation fom average the numberof eggswaseither82
thousand ggsbelow(17%)or 99 thousand ggsaboveaveragg20%). When loth wereone
standard dviation fom average thenumberof eggswaseither158 tiousand ggsbelow (32%)

or 232 housand ggsaboveaveragg47%).

3.3 Predicting maturity

Themodelwith legas?2 categoriegLegs3 and 45 combinedandLegs6 and 7
combined)performed letterthan he modelwith leg as4 categoriegonecategoryperleg) or
otherpoolingoptions.The AIC for thefull modelwith leg as2 categoriegMO) was259 (Table
6) and heAlC. for thefull modelwhen kg was4 categorieavas267.For this reasonthefull
and restedmodelsin Table6 (M0—M4) haveleg astwo categoriesMO, the full model,andM1,
thefull modelminustheinteraction érms,had e bestmodelfits, asindicated ly AIC. and R
(Table6). Thenextbestfit wasachieved i M2 (excludedHSI) (Table6). Themodelwith only

ageand length,M5 (no leg,RC, or HSI), had tte worstfit.
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Classification vasdefined & a successvhen heprediction ly themodelwasthesame
maturity classification ahistology.Therewaslower classification accesgor immaturefish
than unctionallymaturefish (thosethatwill spawn;termed‘mature”for simplicity) (Table7).
Thelowestsucces$or immaturefish wason Leg 3 69%—68%)whereasn aherlegsthe
successatewas73%—-91%whenmodelswith Legandcondition ndiceswereused.Thesuccess
ratefor classification ® maturefish washigher(83%—98%)han brimmaturefish and was
highestfor Legs3 and 45 (90%—-98%) For the combined dta(matureandimmaturefish) the
highestsuccessateswerealso o Legs3 and 45, likely becausenoreolder,maturefish were
sampled o theselegsthan o Legs6 and 7 ad therewasa highersuccessatefor maturefish.

Thepredicted maturitiesof individual fish usingeachmodelwereused to it logistic models
to theproportion @ fish matureatage(seeTable8 for parametewvalues;Figures5 and 6 or
logistic curves;Figures7 and 8 for parametersvith confidencentervals). Themodelcurrently
used n the Alaskastock asessmentyhich uilizes datacollectedfrom 1978-1983is also
included n eachfigure for comparisonin the stock @sessmerd singlemodelis used br all
areasand ® thesamecurveis all panelsin figures(Hanselmaretal. 2016).In addition,age-at-
maturity curvesthatutilized macroscopiclassificationgnadeat-sean 2015 aeincluded.

ForLegs3 and 45, all curvesproducedyoungermaturity-at-ageestimateshan whatis used
in the stockassessmemhodelcurrently(Figuresb, 7, Table8). The maturitycurvesfrom
Models0—4 poducedyoungermaturity-at-ageestimateshan tecurvefit to datafrom histology
slides,particularlyon Leg 3, which isthe earliestleg and tte leg furthestto the east(Figures5,
7). On oth legsthe macroscopicurveand heModel 5 aurve,which includesonly length ad
age,werethe mostsimilarto the histologycurve(Figure5). In otherwords,addingcondition

indicesdid not producecurvesmostsimilarto histologyon theselegs.For Legs3 and 45 the
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prediction siccesgor Model 5 for immaturefish washigh, butlow for maturefish (Table7).
Theseresultsindicatethatprediction siccessloesnot alwaysresultin the maturity curvemost
similarto histology. This wasbecausehe effectof each irrorrectprediction dfected tre
proportion natureat agedifferentlyin each @se.Forexamplejn onemodela5-yearold fish
could havebeen irorrectlypredicted ® be matureand n anothermodela 3-yearold fish could
havebeen ircorrectlypredicted to b mature which could dfect the maturity-at-agesurvein
differentways.

For Leg 6 the maturity curvesweremorevariablethan br Legs3 and 45, becauseondition
indicesweremoreinfluential on laerlegsthan o earlierlegs. The modelsthat wereclosesto
the histology wirvewereModelsO and 1(Figure6, Table8), which included &g,length,age,
RC,and H5I (Table3). Themacroscopicurvehad nuchyoungerestimate®f agesat maturity
than d othercurves;the age-at-50%mnaturityandthe slopeparameteconfidencentervalsdid
notoverlap hosefrom any othermodel(Figures7 and 8 Table8). Model 5, which included mly
ageand length,hadyoungerestimate®of age-at-maturitghan dhermodelsand tehistology
curve.Themodelswith age,length,and ®memeasuref condition werethe mostsimilarto
histology(Figure6). The curvecurrentlyused n the stock asessmenvascloserto histologyon
Leg 6 than an Legs3 and 4/5 (Figuresb and §.

ForLeg7,ModelsO, 1, and 2 which excluded Fsl, werecloseto the histologycurve(Figure
6). Like Leg 6, 1) themacroscopicurvefor Leg 7 had tre youngesestimate®f ages-at-
maturityand the steepesslopeparameterand 2 Model 5, the modelwith ageand ength aly,
had etimatesof maturitythatwereyoungerthan dgherpredictivemodelsand wasthe most

dissimilarto histology (Figures6, 7). Unlike leg 6, thestock a&sessmennodelhad dder agesat
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maturitythan dgherall models.For all legsthe prediction siccesglid not alwaystranslatanto a
maturity-at-ageurvethatwasthe mostsimilar to histology.

When hematurityof skip gpawningfish waspredictedwherethe only classification ptions
weremature(will spawn)and mmature2/11 sh (82%)werepredicted @ be matureand tre
restasimmature.Thosecategorized simmaturewerel1) 550 nm long, age6, HSI = 1.35,RC=
-54 ;nLeg5 and 2 620mmlong, 7 yearsold, HSI = 1.52,RC=-132,onLeg 7. When he
modelincludedageand length anly athird fish wasidentified & immature(length =640,age=
5,HSI=1.83,RC=-94).

In summary,themodelsthatweremostsimilar to histologyincluded neasure®f condition
onlLegs6 and 7 OnlLegs3 and 45 themodelwithout measuresf condition lad hecurve
closesto histology. The macroscopicurvesdiffered fom ahercurveson Legs6 and 7 but
weresimilarto ahercurveson Legs3 and 45. The curvecurrentlyused n the stock asessment

wasmoresimilarto the modelsand hstologyon Legs6 and 7 han a1 Legs3 and 45.

4. Discussion

We found hatmaturity predicted singsomecombination dthesurveyleg, age,length,
RC, and H5l producedmaturity curvesthatweresimilar to the histologycurve,but the closest
modelvaried ly leg. On earlierlegsof the surveyin the eastern prtion d the GOA, Legs3 and
4/5,the maturity-at-agenodelthatwasclosestio histologyincluded mly ageand ength Model
5). Laterin thesurvey,on Legs6 and 7 the modelsthatproduced arvesmostsimilarto
histologyincluded legth,age,andmeasuresf condition. The samplingtiming relativeto the
reproductivecycle arelikely thereasorfor this discrepancyA higherportion d fish on earlier

legshadoocytesn early stagesf vitellogenesisvhereasnorefish werein later stageof
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vitellogenesion Leg 7. (The progression bdevelopmenbn the summersurvey,utilizing the
samplesn this study,wasreported m Rodgveller2018.)A trend d increasingcondition wth
developmenhasbeen tservedm aherstudiesForexampledevelopingAtlantic cod havea
higherHSI asspawning pproache¢Skjaeraasertal. 2009).Thisincreasen energystorage
occursin the liver becausehisis wherethe precursotto vitellogenin s synthesizedKorsgaard
and Retersen 279;Emmersenad Emmersen 276).Becausen Legs3 and 45 therewere
smallerdifferencesn condition ketween inmatureand evelopingfish (functionallymature),
condition ndiceswerenotusefulfor predictingmaturity. The condition d immaturefish were
morestablethan avelopingfish throughoutthe survey likely becaus¢hesefish ae still
devotingenergyto growth overreproduction Roff 1983).

To determinef differencedn condition may havebeen #ected ky geographyand i the
reproductivecycle follows the sameschedulghroughouthe GOA, all areaswvould reed to le
sampled athesametime in a leasttwo time periods(such a July and August)to compare
oocytedevelopmenandRC and H51 geographicallyForadirectcomparison bcondition ty
areafish should ke sampled vaen heyareat a similar pointin the reproductivecycle.In this
studythe potentialeffectsof geographyand simplingtiming wereconfounded bcauseach aea
wassampled tadifferenttime.

Theearlierdevelopmenstageon Legs3 and 45 also ndicated gotentialissuewith
maturity classification acuracy.A largeportion d developingfish on Legs3 and 45 had
oocytesn the earlystageof vitellogenesigRodgveller2018).This createsa challengefor
classifying naturity correctly,even wth histology, becausehis earlyin the cycle somefish that
appeaito beimmatureor skip awning nay moveinto adevelopingstagelaterin thesummer

and pawn in hewinter. If someof thefish dassified & notfunctionallymaturewerein fact



430 goingto developand pawn,the histologymaturity curvewould havebeenfurtherto the left,
431  possiblycloserto the model-predicted @turity curves(Figure5). This could te tested i samples
432 werecollected &terin developmentn theseareasBecausef this uncertaintypn the AFSC

433 longlinesurveymodelsshould 2 used ¢ predictmaturityfor Legs6 and 7only. Leg7 isthe
434  mostreliablebecausd) moredevelopindish aein thelaterstageof vitellogenesisand i is
435 unlikely thatimmaturefish will initiate developmenafterthe survey(Rodgveller2018)and 2
436 thelargestdifferencesn thecondition d developingand mmaturefish wason Leg 7, increasing
437  theirutility in predictivemodels.

438 ModelsO and 1contained t factorsand poduced he maturity curvesclosesto

439  histologyfor Legs6 and7, and ® thesemodelsarepreferred However,HSI is not collected
440  regularlyon theannuallonglinesurveys Models2 and 4 a morepracticalbecausdiver weight
441 is notrequired.On both legsthesecurveswererelatively closeto the histologycurvesand he
442  modelshad smilar AIC.values.Model 2 curvewascloserto the histologymaturitycurveand
443  thereforeModel 2, which includestheinteraction & Legand RC, is preferred ger Model 4,

444  which excludesthisinteraction A caveato usingthesemodelsto predictmaturityis thatthe
445  effectof the predictorvariableon maturity is assumeda be static.If thereis an nteraction

446  between thyearand heeffectof thesepredictorsthe maturitydesignationsnaybeless

447  accuratan otheryears.More yearsof histologyand @ndition cataareneededd ensurethe

448  relationshipsold.

449 In somecaseshe confidencdntervalsfor the age-at-maturitgurveparametersverenot
450  significantlydifferent. However,a vectorof maturity-at-agesaluesfrom the maturity curveare
451  used n the sablefish ®dck assessmeiib estimatespawningstockbiomassand \ariability is not

452  incorporatedIt will beimportantto evaluatethe effectof differentage-at-maturitgurves



453  resultingfrom candidatemodelsto seif therearemeaningfuldifferencesn estimatesof

454  spawningstockbiomassand esultingfishing referencepoints.

455 Skip pawningwasdocumented inhis studyandhasbeen @cumented irsablefish
456  previously(Rodgvelleretal. 2016,Rodgvelleret al. 2018).Becauseherewereso few skip
457  spawner®bserved intis study,skip awningcould rot beincluded in pedictivemodelsasa
458  category.Thiscould ke added m the futureif moreskip gawningfish are collected n the

459  summerand dentified with histology. The majority of skip pawningfish wereidentified &
460 mature(82%).Thiswill producea maturity curvethatreflectsthe numberof fish thataremature
461 and ot justthosethatarefunctionallymature(will spawn his season)More dataon kip

462  spawnerss needed bforeit can e added aathird maturity categoryin predicativemodels.
463 Skip pawningwasdocumented inhis studyaswell asduringthewintersof 2011 and
464 2015 in he Gulf of Alaska(Rodgvelleretal. 2016,Rodgvelleretal. 2018).For all data

465 combined(N = 48)theaverageagewas11.6yearsold (median =11, mode= 7). Becauseskip
466  spawningsablefish ge generally yung(maximumageis 94 years Kimuraetal. 1998)and tre
467  rateof skip awning eécreasewith age (Rodgvelleretal. 2018),thestandarddgisticcurve,
468  wherematurityasymptotesit 1, should fe adequatdor describinghe maturity-at-agelf skip
469  spawningwasmoreprevalentatolderagesor if therewassenescence,curvethatreachesa
470  maximum @ lessthan lor acurvewith an dternateshapesuchasdome-shapednaybemore
471  appropriatdSecor2008;Brooks2013).

472 Samplesverecollected n 2015 when tle North PacificOceanwasin awarm, positive
473  PacificDecadalOscillation fhasefesultingin theformation d thewarm water“blob” in the
474  Gulf of Alaska,which continued hrough 216 Zador2015,North PacificMarine Science

475  Organization 216).Howeverthe deep-watepn the continentaklopewherethe sablefish



476  fisheryand sirveysoccuris thermallystableandcold; theannualdeviation fom aserageon the
477  AFSClonglinesurveysfrom 2009—-2018 vas0-5%in eachareaand tedirection dd not

478  coincidewith warmphasegunpublishedRodgveller AFSC).The changesn surfacewater

479  productivitymayhaveaffected hefood dhain n deeper-waterhutthis hasnotbeen tudied.It is
480 notlikely thatdevelopmentiming wasaffected damaticallyby the surfacewaterwarmingevent
481  in 2015 kecauseo fish werefound in pentcondition @ in nearspawning ondition in uly or
482  Augustand heappearancef fresh cvarieswasconsistentvith pastyears.

483 Fecunditywassignificantlyrelated to Nerand lody condition.Fecundityhasbeen

484  shown b be negativelyaffected ly poorconditionin otherspeciesaswell. Forexamplejn

485  haddockMelanogrammus aeglefinus) condition ndicesweresignificantpredictorsof fecundity
486  and reitherfactorwascorrelatedwith length Skjaeraasental. 2013). The sametrend was

487  observedn captiveAtlantic cod,wheretherealized &cunditywasonly 20%to 80% of the

488  potentialfecundity,dependingdn the nutritional statugKjesbu ¢ al. 1991).The effectsof

489 fluctuatingsablefish bl and RC by +/- 1 D weresubstantial31-47%for afish of average
490 length.Similarto our study,a modelused to pedictfecundityof haddock vasimproved ly

491 includingmeasuresf condition Blanchard eal. 2003);a25%increasen relativecondition
492  resulted in d.9-fold increasen fecundity-at-lengthrad when elativeliver sizedoubled tiere
493  wasaZ2.0-fold increasan fecundity(Blanchard eal 2003).Thesestudiesdemonstrat¢hat

494  fluctuationsin condition havethe potentialto makelarge,population-widedifferencesn total
495  eggproduction.Thereareothermaternalkeffectsthatmayalso dfect thefecundityof sablefish.
496  Therelativefecundityof sablefish in Aaska(fecundity/bodyweight)decreased ith age,

497 indicatingthatthe productivityof fish maydecreasastheygetolder (Rodgvelleretal. 2018).

498  Ourresultsand tlesestudiesdemonstrat¢hattherearefactorsthataffectfecundity ad
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reproductiveoutputthatarepoorly understood rad rot accounteddr in population nodels,
includingsablefish.

Besideausingcondition b predictmaturity,theseindiceshavebeen sed drectly asan
indexof eggproduction n placeof spawningbiomass Spawningstockbiomasds a proxy for
total eggproduction It incorporategopulation sucture,maturation ates,and weight,but does
notincludethe effectsof fish condition o othermaternakeffects.For Atlantic cod acondition
indexhasproven b berelated 6 eggproduction ad recruitmentMarshallandFrank1999,
Marshalletal. 1999),even n a50-yeartime serieg(Atlantic cod, Marshalletal. 2000).At the
sametime spawningstockbiomassvasshown b be a poorindexfor total eggproduction
(Marshalletal. 1998;Marshalletal. 1999).Becauseondition @n kerelated to écundity,
spawningand ecruitmentjt is importantto evaluatehow theseindicesbe used ¢ predictannual
reproductivepotential.

The maturity-at-ageurvecurrentlyused in hestock asessmertiasfish maturatingat
olderagesthanall modelsfor Leg 7 but at youngerageshanmanymodelson Leg 6, including
histology(differencein asoy, between th stock asessmerdnd histologywas0.3yearson Leg 6
and 05 yearson Leg 7), butthedifferencesveremuch snalleron theselegsthan s Legs3 and
4/5. Although hesedifferenceson Legs6 and 7maynot producemeaningfulchangego
managemernn 2015,annualdifferencedn otheryearsmaybemoresignificantif fish condition
fluctuates Predictivemodelsfrom this studycould ke used ¢ produceatime varying maturity
curvefor theassessmeniyhich could lead b moreaccurateestimate®f biologicalreference
pointsand $ock status.

In summary,we found hatfemalesablefish maturity canmostaccuratelybe predicted o

thelatestlegsof the survey,which werein the centralGOA. Despitebeing 6-7 nonthsaway
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from thespawningseasonthe predictivemodelsused in tle lastmonth d thesurveywereable
to uilize measuresf condition to inprovethe prediction & maturity. For sablefishthe model
thatwasbestin termsof accuracyand pacticality of obtainingdataat-seavasthe modelthat
included &ngth,age,andrelativebodycondition.If liver weightis collected this should &o e
included h models,butit is not currentlypartof theregularsurveyoperations.

In otherspeciegthesesamemethodsmnaybe usedfor predicting naturity if thesampling
timing is appropriateThe proportion & femaleswith oocytesin later stageof vitellogenesis
should [ high, which indicateghatthe spawning ppulation fasinitiated acytematuration ad
histologicalclassification®f maturityarereflectiveof future spawning.To utilize condition
indices,thereshould 2 a measurablelifferencein condition ketweenmatureand mmaturefish.
Themodelsused 6 predictmaturityshould 2 tested @ertime, utilizing histology,to ensurethat
therearenot meaningfuldifferencesn the predictivemodelcoefficientsfrom yearto year.
Fecunditywasalso nsitiveto changesn condition and © fluctuationsin condition rmay affect
productivityboth by affectingtotal egg poduction ad maturation.Whencondition dfects
reproduction thefecundity-length ofecundity-weightrelationship ad the ageat maturity
curve),its effectson estimatesof population poductivity should ke evaluatedManagemeninay
beadjusted ér changesn productivity by eitherloweringfishing ratesto avoid overfishing

when ondition islow, or allowing for higherfishing rateswhen poductivity is high.
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708 Tablel
709  Startandend atesof each AaskaFisheriesScienceCenteronglinesurveyleg. Datesremain
710 thesameeachyear.

Leg Startdate End date

3 July 5 July 19

4 July 21 July 22

5 July 24 August 2
6 August5  August 15

7 August 17 August 26

711



712 Table2
713 Sablefish(Anoplopoma fimbria) ovarianmaturity classification ad accompanyingyocyte
714  developmenstagesdentified hstologicallyduringJuly and August(on surveylLegs3 through

715 7)in theGulf of Alaska.

Structures defining maturity Maturity

Oocytes with multiple nucleoli and/or
perinucleolar; thin ovarian wall.

Immature

Oocytes with multiple nucleoli and/or

perinucleolar oocytes; may also contain oocytes gl( .
) . e ; g ip spawning
early cortical alveoli stage; thick ovarian wall;
thick stroma; blood vessels present.
Early cortical alveoli stage. Immature
Late cortical alveoli stage. Maturing, will spawn

Yolk accumulated within eosinophylic spheres

(vitellogenesis). Maturing, will spawn

716
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718 Table3

719  Parameters included in each logistic regression model of maturity where the response was either

720  mature (will spawn) or immature.

Paramete|
Model Leg Lengtt Age HSI RC Leg*RC Leg*HSI Descritptior
MO X X X X X X X Full mode
M1 X X X X X - - No interaction
M2 X X X - X X - No HSI
M3 X X - X X X X No ag¢
M4 X X X - X - - No HSI; no interactior
M5 - X X - - - - Length/age onl

721



722 Table4
723 Numberof maturejmmature,and &ip spawningfish used br comparison®f relativecondition

724  and elativeliver sizeof femalesablefish Anoplopoma fimbria).

Leg Immature Mature Skip Total
spawn
3 37 170 6 213
4/5 41 134 3 178
6 48 65 0 113
7 38 55 2 95

Winter 177 270 13 460

725



726

727

728

729

730

731

732

Table5

Best-fitmodelsfor maternalparametershathelped &plain thevariability in fecundity,where
RC is therelativecondition,HS is thehepatosomatindex, R? Adj is theadjusted Rfor the
model,andSEis thestandard eor. When étherlength @ weightwereincluded the R? values

werevery similar. Thesamplesizewas39 fish.

Dependen Explanatory  Estimat: SE t-ratic p R? Adj
Ln(F) intercept 11.7¢ 0.1¢ 61.2¢ <0.0C 0.7%
RC 0.7 0.2t 3.07 0.0C
HS 0.1t 6.95< 10~ 2.1C 0.04
Weight 1.69*107* 1.95 107>  8.6¢ <0.0C
Ln(F) intercept 9.62 0.3t 29.1: <0.0C 0.74
RC 1.69 0.2¢ 5.9¢ 0.0C
HS 0.16 0.01 2.2¢ 0.0<
Length 3.88x107% 4.40-10™*  8.81 <0.0(
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734

735

736

737

738

739

740

741

742

Table6. Logisticregression grameteestimatesor each Igistic regression modelused to
predictwhetherafish would awn @ wasimmature.“Inter.” is theintercept,’Len.” is thefish
length,“HSI” is the hepatosomati;mdex,“RC” is therelativecondition,and ‘Leg” is thesurvey
leg.“Leg*RC” and“Leg*HSI” wereinteraction érms.Legis equalto -1 whenlLegs3 and 5are
pooled iro onecategoryand gualto 1 whenlLegs6 and 7 & pooled.Model 3 dso includes
samplesvheretherewerelengthsand ro egesbecausé doesnotincludean geterm GeeN for
samplesize).The corrected Aaike Information Giterion (AIC.), thecorrelation oefficient(R?),

and nodeldegree®f freedom(df) arealso isted br eachmodel.

Parameter estimates

Model Inter. Leg Len. Age HSI RC Leg*RC Leg*HSI AlC, R? df N

MO -20.946 0.760 0.026 0.330 1.265 1.40*10° Leg*([RC+9.10 (Leg*- 259 0.63 7 543
2]4[-1.352*10%)  0.382)*(HSI-2.03)

M1 -19.745 0.773 0.024 0.299 1.231 1.59*10° - - 262 062 5 543

M2 -20.121 0.628 0.029 0.290 - 2.23*10° Leg*([RC+9.10 - 273 060 5 543
2]"-1.337*10%)

M3 -22.610 0.911 0.032 - 1.240 1.43*10° Leg*([RC+8.55 (Leg* 289 060 6 580
2]-7.72*10")  0.300)*(HSI-2.03)

M4 -19.430 0.639 0.028 0.277 - 2.34*10° - - 276 060 4 543

M5 -19.521 - 0.028 0.299 - - - - 301 0.55 2 543




743 Table7

744  Percenbf femalesablefish Anoplopoma fimbria) with maturity classificationghatmatched
745  designationgrom histologyslidesfor each nodel (MO throughM5). Thecellshighlighted tave
746  thehighestprediction siccesdor thatleg (row). “Count” is the numberof fish with lengthsand
747  agesln parentheses the numberof fish with lengthsonly. Leg4 dd not includeanyfish with

748  ages.Threefish from Leg6 werenotaged.

Histology Leg MO M1 M2 M3 M4 M5  Count
Immature 3 68% 65% 68% 59% 65% 68% 37
Immature  4/5 85% 85% 83% 83% 83% 90% 40 (41)
Immature 6 91% 85% 83% 88% 83% 65% 46 (48)
Immature 7 78% 78% 86% 73% 86% 68% 37
Mature 3 98% 98% 98% 98% 98% 93% 168
Mature 4/5 98% 98% 98% 98% 98% 90% 100 (133)
Mature 6 89% 89% 90% 85% 92% 95% 61 (62)
Mature 7 93% 91% 87% 93% 83% 93% 54
Combined 3 92% 92% 92%  91% 92% 89% 205
Combined 4/5 94% 94% 94% 95% 94%  96% 140 (174)
Combined 6 90% 88% 87% 86% 88% 82% 107 (110)
Combined 7 88% 86% 87% 85% 85% 82% 91
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Table8

Age at 50% maturity (asoy) and $ope parametersf logistic regressiondit to maturity-at-age
datafrom maturity designationproduced fom each pedictivemodel(M0-M5) and br maturity
designation$rom histologyslides(histo). Parameterfor the maturity-at-ageurveusing
maturity classificationgrom macroscopiclassificationsat-segMacro) areincluded a well as
theparametersurrentlyused n the Alaskastock @sessmergopulation nodel (SA). The SA
modelis used obr all geographi@areasn Alaska.All datawerecollected m the 2015 Aaska
FisheriesScienceCenterannualsummeirongline survey,exceptfor dataused n the SA model.
Foreach &g fow), valuesthatsharethe sameetterarenot significantlydifferentfrom one

another.Thosethathavedifferentlettersaresignificantlydifferentfrom oneanother.

Lec MO M1 M2 M3 M4 M5 Histo Macrc SA

Ao 3 5.25¢ 5.24¢ 5.3¢ 5.08: 5.19¢ 5.64¢ 5.68¢ 5.07¢  6.60L

4/5 5.45¢ 5.45¢ 5.36¢ 5.26¢ 5.36¢ 5.66¢ 5.72¢ 5.58: 6.6(b
6 7.10a 6.93¢ 6.66al 7.46¢ 6.56al 5.84f 6.90ar 4.78¢ 6.60a

7 5.76ar 5.85ar 6.21ar 5.65¢ 6.4lac 5.38¢ 6.07¢ 3.76t  6.60¢

Slope 3 1.37¢ 1.32¢ 1.30¢ 1.30¢ 1.34¢ 1.35¢ 1.08:¢ 1.31¢ 6.60t
4/5 1.53¢ 1.53¢ 1.52¢ 1.51e 1.52¢ 1.50¢ 1.32¢ 1.42: 0.84t
6 0.96ab 1.00ab 1.08ab 0.77ac 1.14bc¢ 1.18bc 0.93abt 1.35¢ 0.84c

7 1.05¢ 1.05¢ 1.05¢ 1.03¢ 1.00¢ 1.23¢ 1.04¢ 1.99t 0.84«
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Fig. 1. Stationssampledbn Legs3 through 7in July and August2015,of the AlaskaFisheries
ScienceCenterannuallongline surveyin the CentralGulf of Alaska(CGOA), Western Yakutat
(WYAK), and EastYakutat(EYAK) managemerdreasCircleswith no fill arestationssampled

in DecembeR015.

Fig. 2. Relativecondition RC) for sablefishcollected @ Legs3 through 7of thesummer
longlinesurvey(S) or in thewinter (W). Immature(l), mature(M), and &ip spawning(SS)fish
arelabeled br thewinter so that skip awningfish can ke differentiated fom the othertwo
groups.In PanelA, an * representa significantdifferencebetweermaturity categoriesluring
thatsamplingperiod.PanelB includesmuch d thesamedatain panelA, exceptthateach
maturity categoryis presented tgetherand sgnificant differenceswithin eachmaturity category
between amplingperiodsaredenoted lp a differentletter.In PanelB, SSsamplesarepooled br
all of summer(N = 11) and @mpared tohosecollected n thewinter (N = 16). The95%
confidencantervals(Cl) aremarked vith whiskersand the lower portion d the Cl for summer

skip gpawningfish istruncated @ maintain he samescaleasPanelA.

Fig. 3. Hepatosomaticndex (HSI) for sablefish ollected m Legs3 through 7 & thesummer
longline survey(S) or in winter (W). Immature(l), mature(M), and &ip spawning(SS)fish ae
labeled 6r thewinter becausekip gpawning nustbedifferentiated fom the othertwo groups.
In PanelA, on every surveylegthe meanfor immaturefish islowerthan hemean or fish that
will spawn.An * representa significantdifferencebetween raturity categoriesluringthat
samplingperiod.PanelB includesmuch d thesamedatain panelA, exceptthateachmaturity

categoryis presented tgetherand sgnificant differenceswithin each naturity categorybetween
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samplingperiodsaredenoted i adifferentletter.In PanelB, SSsamplesarepooled br all of

summer(N = 11) and @mpared totliosecollected in hewinter (N = 16).

Fig. 4. Relationship btween lagth and fecunditywhen heresidualcondition RC) is average
and hehepatosomaticndex (HSI) is averaggsolid, blackline), when H5l is averageand RC is
eitherplusor minusonestandard dviation pluelines),when RC is averageand heHSl is
eitherplusor minusonestandard dviation fed ines),or when wth RC and HSl areplusor

minusonestandard dviation @ashedblacklines).

Fig. 5. Logistic curvesof maturityatagewhenmaturitywasdetermined singhistologyslides
(Histo), predicted sing nodelsMO throughM5, or classifiedmacroscopicallyat-seamacro)for
Legs3 and 45 o thesummerAlaskaFisheriesScienceCenter’slongline survey.The maturity-
at-agecurvecurrentlyused n the Alaskasablefish ®ock assessmer{SA) population nedelis
also ncluded;the samecurveis used br all legs.Notethaton Leg 3 MO, M1, andM4 are nearly
identicaland @nnotbevisually differentiatedIn theLeg 5 panelMO throughM4 are very

similarand n somecasesannotbe visually differentiated M5 is very similarto Macro.

Fig. 6. Logistic curvesof maturityatagewhenmaturitywasdetermined singhistologyslides
(Histo), predicted g8ing nodels0-5 (MO0 throughM5), or classifiedmacroscopicallyat-sea
(macro)for Legs6 and 7 of the AlaskaFisheriesScienceCenterdongline survey.The maturity-
at-agecurvecurrentlyused n the Alaskasablefish tock assessmerfSA) population nodelis
also ncluded;the samecurveis used br all legs.Notethatin theLeg 6 panelM1 cannotbeseen

becausét is matchesvery closelyto Histo.
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Fig. 7. Age-at-50%maturity parametersf logistic regressiondit to maturity-at-agedatafor
each srveylegfrom dather 1) maturitydesignationproduced fom each pedictivemodel(MO-
M5); 2) maturitydesignationgrom histologyslides(histo); 3) for maturity designationgnadeat-
seafrom fresh avaries(macro);or 4) the parameteused n thestock a&sessmer(SA). The SA
modelis used br all geographi@areasn Alaska.All datawerecollected o the AlaskaFisheries
ScienceCenterannuallongline survey,exceptfor dataused n the SA model. The 95%
confidencdntervalswereobtained fom running 1000 otstrapsThereis no raw dataavailable

for the SA curveand ® thereareno confidenceantervals.Valuesarepresentedn Table8.

Fig. 8. Slopeparametersf logisticregressionéit to maturity-at-agedatafor each srveyleg
from dther 1) maturitydesignationgroduced fom each pedictivemodel(M0-M5); 2) maturity
designation$rom histologyslides(histo); 3) for maturity designationgnadeat-sedrom fresh
ovaries(macro);or 4) the parameteused h the stock asessmen(iSA). The SA modelis used
for all geographiareasn Alaska.All datawerecollected o the AlaskaFisheriesScience
Centerannuallonglinesurvey,exceptfor dataused in he SA model. The 95%confidence
intervalswereobtained fom unning1,000 motstrapsThereis no raw dataavailablefor the SA

curveand ® thereareno confidencdantervals.Valuesarepresentedn Table8.



50°N-

160°W 150°W 140|°W

130|°W

B I km *

2015 Winter Haul Locations
LL Survey Leg 3

LL Survey Leg 5
LL Survey Leg 6

LL Survey Leg7

-50°N

! !
16(;°W 150°W 140°W



RC (g)

500

300

100

-100

-300

-500

— gy x Z

T Lo x Z

4/5

*

|—<>—|*§

o

A3
O4and5
®6

&7

m Winter

m Winter SS

RC (g)

500

300

100

-100

-300

-500

Legt oo

W

3

4/5 6

7

W

%

a,b

%

4/5

d

e 3

}

A Skip Spawn
O Immature

® Will Spawn

6 7 w



HSI

—@— %

O

Aleg3
Olegs4and5
®legb
Oleg?

m Winter

B Winter SS

3 B
2.5
2

s
1

S

(0]
|_._|—h
H@H —H

A Skip Spawning
O Immature
® Will Spawn

6 7 W



Fecundity

Avg RC and HSI

1,000,000 — —RC + 1 stdev

- - -RC- 1 stdev Lo
900,000 — —Hgj +1 stdev L
800,000 - = =HSI - 1 stdev = —
700,000
600,000
500,000
400,000
300,000
200,000
100,000

600 650 700 750 800 850 900

Length (mm)



Leg 5

1.2

Leg 3

Od AN m®m I
=S =2=2=22=2 =

N
i

< 0 v ¥ o O
o O o o

aJnlew uolodoud

|
|
|
\
\
\

-----Histo
-----Macro

< ® © % o O
o O o o

a/njew CO_tOn_O._n_

12

10

Age

12

10

Age



Leg 7

N
—

— MO
— M1

N
i

emmmmr———-—--
———
-

< © © % o o
o O o o

a2Jnlew CO_H‘_OQO‘_n_

N
Y
o)
S G
NS nN G ©
=S =222 2
____"n
[
[
[

< xQ © & o O

o o o o

oJ4njew CO_tOQO._n_

12

10

12

10



Leg 3

o
<
~

O 9o o o
nm S wm O

6 © 1

4.50

Ayuniew 905-1e-28y

Leg 4/5

7.00

o o o o
n Q wn Q
6 U w1 un

Avuniew 905-1e-28y

o
N

<

M1 M2 M3 M4 M5 Histo Macro SA
Leg 6

MO

[ ]
—@—
—e—
—e—
—e—
—e—
—o—
—@—!
—e—
o o o o o
n ! wn uwn
0 N O N <

Ayuniew 9%05-1e-28y

3.50

SA

M1 M2 M3 M4 M5 Histo Macro

MO

Leg 7

o O O O
<

3.50

N O

Avuniew 9%05-1e-28y

2.50

M1 M2 M3 M4 M5 Histo Macro SA

MO



Slope

Slope

Slope

Slope

2.00
1.75
1.50
1.25
1.00

0.75

2.75
2.50
2.25
2.00
1.75
1.50
1.25
1.00
0.75

1.75
1.50
1.25
1.00
0.75

0.50

2.25
2.00
1.75
1.50
1.25
1.00
0.75

MO

MO

MO

MO

M1

M1

M1

M1

M2

M2

M2

M2

M3

M3

M3

M3

Leg 3

M4

Leg 4/

Leg 6

Leg 7

5

M4

M4

M4

M5

M5

M5

M5

Histo

Histo

Histo

Histo

Macro

Macro

Macro

Macro

SA

SA

SA

SA



	The utility of length, age, liver condition, and body condition for predicting maturity and fecundity of female sablefish
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References
	Tables and Figures



