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2INTRODUCTIONThematerialincludedinthisreportupdatesthatprovidedintheJanuary1997stockassessmentreportVaughanetal1997andtheJanuary1998datasummaryreportVaughan1998totheSouthAtlanticFisheryManagementCouncilsSAFMCSnapperGrouperAssessmentGroupIncludedarethelatestsummaryoflandingsandlengthfrequencydatafromthefisheryfor1988through1998fishingyearsanalysesoflengthatagedataapplicationofvirtualpopulationanalysisapproachesseparableVPAandFADAPTtothecatchatagematricesandanalysesofyieldperrecruitYPRandpercentspawningpotentialratiostaticSPRNewagingdataforwreckfishfromsamplescollectedduring19951998wereusedtodevelopacatchmatrixforthatperiodCATCHANDSIZEFREQUENCYDATACommercialwreckfishlandingsinwholeweightbyfishingyearApril16throughApril15offollowingyeararesummarizedinTable1Estimatesofmonthlyandtotallandingsinweightgiveninthe1992SnapperGrouperAssessmentGroupWreckfishReportwereusedforthe19881990fishingyearsandtotallandingsinnumberswereestimatedusingseasonalmeanweightperfishfrombiologicalsamplesLandingsinweightandnumbersandeffortintripsdaysandhoursfor19911998arefromthelogbookdatafileHardy1999Landingsareassumedcompleteforthe19981999fishingyearNofishingispresentlypermittedfollowingJanuary19ofeachyearuntilthenewfishingyearbeginsonApril16During1990thequotaof2millionpoundswasreachedandthefisherywasclosedattheendofAugustDuringthelasttwoyearswreckfishhaveonlybeenlandedinFloridaandSouthCarolinaCatchpereffortCPEhasbeenestimatedfromthelogbookdatafileusingthreepotentialmeasuresofefforttripsdaysfishingandhoursfishingFurtherthreewaysofestimatingtheseindicesofCPEwereconsideredFigure1FirstCPEforeachmeasurewasestimatedfromcatchinnumbersoffishforallvesselsandsecondlyfromfivevesselsthatweremostactivefrom19911998referredtoasHi5Only3oftheHi5vesselsfishedin1998andnoneoftheremainingvesselsThirdlyanAnalysisofVarianceANOVAmodelPROCGLMGeneralLinearModelwasusedtodevelopannualestimatesofCPEforthecalibrationprocessrestrictedtodatafromtheHiSvesselsModeleffectswerefishingyearseasonnestedwithinfishingyearvesselnestedwithinstateandthecrossproductofyearandstateModelfitswereallhighlysignificantwithrsquaredvaluesof051fortrips055fordaysand036forhours



3AlthoughadownwardtrendincatchpertriporcatchperdayisapparentthereisnosuggestionofadownwardtrendincatchperhourWhiledirectestimatesofcatchpertripandcatchperdayseemtoindicateanupturnintheseindicesinthemostrecentyearortwothistrendwasnotindicatedintheGLMCPEindicesCommerciallengthdatawereobtainedfromtheSEFSCTIPdatafileLauraBishopNMFSGalvestonLaboratoryandJoshuaBennettNMFSMiamiLaboratoryforFloridaGeorgiaSouthCarclinaandNorthCarolinaAdditionaldatafromNorthCarolinawereprovidedbyPaulPhalenNCDivisionofMarineFisheriesJan1991throughJan1992Lengthfrequencydistributionsaredevelopedfrombiologicalsamplesofcommerciallandingsintermsoftotallengthsin1inchincrementsHistoricallyonlyminordifferencesarenotedbetweenthelengthfrequencydistributionsdevelopedforsamplesfromFloridaandSouthCarolinasincefishermenfromthesetwostatesarefishinginthesamegeneralgeographicareaBlakePlateauHencesamplesfromthesestatesarepooledtogetherLengthfrequencydistributionsaredevelopedbyfishingyear19911998inFigure2TheselengthfrequencydistributionsareusedwithannualagelengthkeystoestimatethecatchatagematrixreferredtosimplyascatchmatrixAcomparisonofthecumulativedistributionoftheseannuallengthfrequencydistributionsshowsaflatteningofthepeakormodalvaluewithgreaterproportionoflengthsinbothtailsofthedistributionFigure3Samplingforwreckfishlengthsfromasamplesizeperspectivehavebeenexcellentwithover350ofthewreckfishlandedin1998beingmeasuredforlengthTable1ThesebiologicalsamplesareusedtoestimatemeanlengthstotallengthininchesaidmeanweightswholeweightinpoundscalculatedfromlengthusingaweightlengthrelationofindividualfishsummarizedannuallyandseasonallyinTable2MonthlyestimatesofmeanweightoffishfromthelogbookdatafilearecomparedwiththosecalculatedfromthebiologicalsamplesFigure4Notrendsarenotedintheseestimatesbetween1991andthepresenti



4AGEANDREPRODUCTIONWreckfishotolithsandcorrespondinglengthsandweightsareavailableforyears19881992n730andnewagingforthisanalysiswithfishcollectedduring19951998n116Wecontinuetousethefollowingrelationshipsestimatedusingtheearlierdata198819921totallengthTLversusforklengthFL2totalorwholeweightTWversusguttedweightGWand3wholeweightversustotallengthTheseequationsareestimatedasfollowsTLmm46071041FLmmn226r20991TWkg03671141GWkgn223rz0982TWkgexp1768129561nTLmm0500093TWlbsexp732729561nTLin0500094n289r2087Sectionedsagittalotolithscollectedfromwreckfishlandedbetween1995and1998wereagedbythetwojuniorauthorsMeanlengthsperageareverydifferentfromthisstudycomparedwiththepreviouslyreportedWefeelthattheassignedagesfromthismostrecentsetofotolithshavebeenmorecorrectlydeterminedthanthoseassignedpreviouslyforseveralreasonsFirsttheaginglabhasbetterequipmentSecondthereadingsdoneindependentofthe198892setwereagreeduponbythetworeadersratherthanoneFinallyrecentagingwasdoneafterconsultationwitharesearcherfromNewZealandwhohasworkedwithacongenericspeciesformanyyearsHefeltthatourearliersampleswereunderagedWedonotfeelthatthedifferenceinassignedagesfromthetwodatasetsisduetoheavyfishingpressurecausingachangeinthegrowthratesofthewreckfishWerecommendthatasmanyoftheotolithsfromtheoriginalagingstudybereagedpriortothenextstockassessmentUsingthenewerageddatasetfrom19951998estimatesoftheparameterswereobtainedforthevonBertalanffygrowthequationLL1expKtto5whereListotallengthinmillimetersandtisageinyearsForeachfishonlyobservedlengthsatageadjustedfortimeofyearcollectedwasusedVaughanandBurton1994Parameterestimatesandstandarderrorsaregivenasn116fish



uJvrJParameterEstimateStandardErrorL16785mm1372mm661in54inK0030yr10006yrt1332yr187yrTheestimateforLissmallerthanthatgiveninourpreviousassessmentLa17966mmTLandKissmallerK0044Vaughanetal1997EstimatesoftotallengthandweightatageforthesetwocurvefitsforthevonBertalanffygrowthequationarecomparedFigure5AnnualagelengthkeysTable3wereneededforestimatingcatchinnumbersatagefromcommerciallandingsandlengthfrequencydataWecontinuedtouseanageplusgroupdefinedas18andolder18and47inchesasasizeplusgroupTheannualagelengthkeyfor1990wasbasedonaveragingthekeysfor1989and1991Becauseofsamplesizeavailablewiththenewagingdataitwasnecessarytoaccumulatelengthsin2intervalsforthe19951998keyratherthan1intervalsfortheearlierdatasetLinearinterpolationbetweenthe19951998agelengthkeyandthe1991agelengthkeywasusedtoestimateagelengthkeysfor19921994Naturalmortalityisestimatedfrom1fehistorycharacteristicsassuggestedinPauly1979andHoenig1983Paulys1979approachusesestimatesofLmcmandKyr1fromthevonBertalanffygrowthcurveEq7andmeantemperatureTClogloM000660279logloLd06543logyK09634logT6ValuesforLmandK198819921797cmand0044yr1and199519981678cmand0030yrandmeanestimatedtemperaturefortheBlakePlateauprovidedearlierbyGlennUlrichfordifferentmonthswereusedtoobtainthefollowingestimatesofMMonhTemperatureCAugust132September152October84Myr1988199219951998010011008008009007Hoenig1983suggestedthefollowingrelationshipbasedonmaximumageexpectedintheunfishedstocktrtax



61nM1461011ntx7Themaximumagewas31yearsoldintheearlydatasetand30yearsoldinthelaterdatasetgivinganestimateofMofabout013014yrOlderagestmaxgavelowerestimatesofMeg012yr1at35yearsand010yrat40yearsInadditiontothepreferredvalueofMequals010estimatesofMequal005and015whichbracketourexpectedMarealsousedinourassessmentAsinpreviousassessmentsVaughanetal1994199519961997limiteddatawereavailableforawreckfishmaturityschedulewithonefemalewreckfishimmatureatabout620mmTLage4Allotherfemalewreckfishthatwerecheckedformaturitywereatleast850mmTLinlengthage8andolderandfoundtobematureHencealinearrelationwasusedtoapproximatethesedataassuming0femalewreckfishmatureatage425matureatage550omatureatage675atage7and100matureatage8andolderDataonwreckfishfecundityfromDavidWyanskiSCWMRDCharlestonwerefittedtoalinearrelationshipbetweenfecundityornumberofovaEandfemalebiomassorweightWtoproducethefollowingrelationshipVaughanetal1997E20010953012Wlbswheren25andrz0808



r7rVIRTUALPOPULATIONANALYSISApplicationoftheannualagelengthkeysTable3tocommerciallandingsandlengthfrequencydistributionsallowestimationofcatchinnumbersatageTable4AsinpastassessmentsVaughanetal199219931994199519961997virtualpopulationanalysisVPAwasinitiallyconductedbymeansofseparableVPASVPADoubleday1976ThisanalysisassumesasinglestockwithallsourcesofmaninducedmortalityegfisherylandingsrepresentedinthecatchatagematrixthisassumptionwasexploredinAppendixAofVaughanetal1995relativetoeasternNorthAtlanticinformationParallelrunsofSVPAweremadewithvaryingnaturalmortalityMassumedas005010or015yrIStartingFin1998wasobtainedfromFZMwhereZwasobtainedfromthecatchcurveanalysisfromtheaverageofthe19801982cohortsmeanZforages1217equals053yr1Fforage11wasequatedtoFatage17toreflectaflattoppedpartialrecruitmentvectorforallfullyrecruitedages1117TrendsinestimatesofmeanFoverfullyrecruitedagesi117andtotalpopulationbiomassages517aresummarizedinFigures6and7FullFshowstwopeaksonein1989whenlandingspeakedandasecondhigherpeakin1994MeanwhiletotalpopulationbiomassshowsasteadydeclinetoverylowvaluesinthemostrecentyearsAchangeinpartialrecruitmentisnotedbetweenapplicationoftheSVPAprogramtothecatchmatrixforyears19941998and19951998ModelestimatesofcatchCVandSEdroppedprecipitouslybetweenthesetworunsegCVdroppedfrom478to334forM010suggestingthatpartialrecruitmentfortheperiodbetween199519y8hadchangedfromtheearlieryearsItisbelievedthatthischangeinpatternmaybelargelyduetothenewagelengthkeyforthemostrecentyears19951998RegardlesstheSVPAisalesssophisticatedmodelingapproachbecauseaconstantstructureinpartialrecruitmentisassumedandcalibrationindicesarenotusedHoweveranadditionalsetofrunsfordifferentvaluesofMwasmadeonthecatchmatrixfor19961998toobtainestimatescfpartialrecruitmentforinclusioninsubsequentrunsofthecalibratedVPAdescribednextComputerrunswiththecalibratedVPAknownasADAPTGavaris1988ConserandPowers1990wereconductedusingvariousfisherydependentindicesofcatchpereffortCPEforlevelsofMdescribedearlierusingallthreeindicestogetherandseparatelyThethreeindicesofCPEarebasedoncatchinnumberspertripcatchinnumbersperdayandcatchinnumbersperhourbasedonthewreckfishlogbookdatafromfivevesselsHi5participatingsignificantlyduring19911998providedby



8LindaHardyNMFSBeaufortLaboratoryDatabasedonthesefivevesselswasusedtoreducethetautologicaleffectofusingCPEfromallvesselsdatafromwhichalsocontributedsignificantlytothedevelopmentofthecatchmatricesTheparticularsoftwareusedinthisanalysiswasobtainedfromDrVictorRestrepoUMiamiCIMASandisreferredtoasFADAPTInallFADAPTrunsonlyCPEindicesbasedontheGLMmodelwereusedforcalibrationpurposeseithersinglyontogetherThesepartialrecruitmentvectorswereobtainedfromcorrespondingSVPAappliedto19961998catchmatrixthetimeperiodthatproducedaminimumcoefficientofvariationCVAllfishingmortalityratesforearlieryearsareestimatedbytheprogramwiththeassumptionproposedbyMurphy1965thatFintheoldesttwoagesareequalinthesamefishingyearEstimatesoffullFmeanFoverages1118arecomparedforthreelevelsofMandforrunswithseparateCPEindicesforthreemeasuresofeffortFigure6EstimatesoffullFfromFADAPTareconsiderablysmallerthanthosefromSVPAAgaintwopeaksarenotedalsoin1989and1994WithrespecttorunswithseparateCPEindicesthecatchperhourproducesthelowestestimatesinfullFwhilecatchpertripandcatchperdayproduceverysimilarestimatesinfullFFADAPTwasallowedtoestimatetheappropriateweightingamongindiceswhenallthreewereusedtogetherThisweightingwastypically50forcatchperday35forcatchpertripand15forcatchperhourThepatternintotalpopulationbiomassages518wasalscdevelopedfromFADAPTforthreelevelsofMandforrunswithindividualCPEindicesFigure7ThepatternstartsoffliketheSVPAwithdecliningpopulationbiomassuntilabout19991995whenthepopulationbiomassincreasesThegreatestincreaseinpopulationbiomassisnotedwiththeFADAPTrunbasedsolelyoncatchperhourTheremainingrunssuggestthatrecentpopulationbiomassisat13to12thepopulationbiomassavailablein19881989TwoadditionalFADAPTrunsweremadeusingM01andcombinedCPEindicesbutreducingthecatchmatrixto19881996and19881997toconsiderpossiblyretrospectivebiasFigures6and7ThelimitedretrospectiverunsthatconsiderfullFseemtosuggestthatinitialestimatesinthemostrecentyearmaybeslightlyunderestimatedTheretrospectivebiasintotalpopulationbiomassislessclearJMeanconditionsarecomparedamongtheFADAPTrunsfortheperiod199519971998wasdeletedforretrospectiveconsiderationsTable5MeanFforthisperiodissummarizedforages510separatelyandfortheaverageoverages1118fullFForcomparisontheestimateoffullFfor1998isalso



9includedinthistableEstimatesofFsummarizedinTable5wereusedinestimatingyieldperrecruitYRbasedonRickersapproachfordifferentassumedvaluesofM005010and015yrrespectivelyAdditionallythesefishingmortalityestimateswerecombinedwithproportionoffemales500andanagespecificmaturityscheduletoestimatepercentmaximumspawningpotentialMSPorstaticSPRGabrieletal1989StaticSPRbasedonfemalebiomasswascalculatedusingEqs4and7tomodellengthandweightfromageBecausefecunditywasfoundtobeapproximatelylinearwithfemalebiomasslittledifferencewasfoundbetweenestimatesofstaticSPRbasedonfemalebiomassandeggproductionthelatterisemphasizedinTable5andonlyusedinFigure8and9StaticSPRisstableover19891998fromtheSVPAanalyseswhileitisseentoimproveinrecentyearsintheFADAPTanalyseswithstaticSPRbasedontheFADAPTrunwithcatchperhourshowingthebestconditionsforthestockFigure8Fortheperiod19951997theonlyFADAPTrunthatproducesanestimateofstaticSPRbelow30iswithM005Table5CorrespondingplotsofYRandoMSParecomparedforthemeanFestimatedfor1996basedonseparableVPAfromtheseasonalcatchmatrixUSABlakePlateauwithM005010and015yrFigure9AsummaryoftraditionalbiologicalreferencepointsBRPfromYRandstaticSPRanalysesbasedoneggproductionaresummarizedinTable5andcomparedtothecurrentestimateoffullyrecruitedFages1118fromtheFADAPTanalysesLowestvaluesofcurrentFareassociatedwithFADAPTtunedtocatchperhourandhighestestimateswithSVPAEstimatesforFinaXvariesbetween019forM005andvaluesthatexceed45timesfullFfortheperiod19951997fortheotherFADAPTrunsMeanwhileFolrangesfrom01forM05toabout023forM015with014015estimatedforrunswithM01EstimatedvaluesforF3030ostaticSPRseemtobeintermediatebetweenFandFinaxwithvaluesofabout035forM010



10SUMMARYTheresultsoftheFADAPTVPAanalysisarepreferredoverthosefromtheSVPAanalysisTheFADAPTallowscalibrationwiththefisherydependentindicesofabundanceanddoesnotrequireconstantpartialrecruitmentoverthestudytimeperiodForFADAPTtherangeofestimatesofstaticSPRbetween25and630fortheperiod19951997fishingyearsTable5andhighervaluesfor1998suggestsatworstonlyminorconcernsofrecruitmentoverfishingbecausemostoftherecentestimatesareabovethevalueof30usedtodefinerecruitmentoverfishingbySRFMCOnlytheFADAPTrunwithM005producesavalueofstaticSPRlessthan30oinrecentyearsWiththeapparentimprovementintotalpopulationbiomassFigure7andimprovingvaluesinstaticSPRFigure8thestockappearstoberecoveringfromanydamageduetotheextremelylargelandingsin1989InreferencetootherpotentialbiologicalreferencepointsrecentestimatesoffullFarenearbutslightlyabovevaluesforF1Howeveratthistimeitdoesnotappearnecessarytoraisethestatic5PRdefinitionofoverfishingof30aslongasthisvalueisviewedasathresholdandnotatargetNogeneraltrendinmeanweightofwreckfishwasnotedfrom1991through1998eithercalculatedfromlogbookdataorfrombiologicalsampledataFigure4Becauserecentlandingshavebeenwellbelowthe2millionpoundquotaitisnecessarytoquestionassumptionsbuiltintothemodelsusedinthisanalysisTheprimaryassumptionforallVPAmodelsisthatthecatchmatrixrepresentsalllossesduetomansactivityThereisevidencethatwreckfisharefisheduponinotherareasforwhichlandingsandsizedtaarenotavailableSpecificdatasupportingthisconcernaretheoccurrenceofvarioussmallhooksdissimilartothoseusedbyUSfisheriesonwreckfishcaughtontheSlakePlateauThisassumptionwasaddressedinalimitedfashioninVaughanetal1995AppendixAThoseanalysesbasedondatathrough1994suggestedthatifwreckfishlandedfromthetotalNorthAtlanticaretreatedasasinglestockthenvaluesofstaticSPRweregenerallybelow20for19901994819oforM011yr1and1322oforM015yr1andwereindicativeofrecruitmentoverfishingHoweveruntilmoredataisavailablefortheentirestockespeciallyfromtheeasternNorthAtlanticareasdefinedasFAO27and37theanalysespresentedinthisreportshouldbeviewedwithsomedegreeofskepticismalthoughtheyarebasedonbestavailabledata
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r13Table1WreckfishlandingsinpoundsandnumberssamplesizeforlengthfrequencyandpercentoffishlandedthatweresampledYearLandinsNumberPercentPoundsNumberSampledSampled198861766216137498311989916196510736930802199019702995862112672219911926088577041038118019921270557382056394167199311947263380372312141994120326535770910011519956499971925645792981996396868116572605223199724971572991197164199821080061722089354



14Table2Wreckfishmeanlengthsandweightsfrombiologicalsamplingofcommerciallandingsbyfishingyear19881998andseasonfor19921998EarlyRprJunMiddleJulSepandLateOctJanNotethatweightiscalculatedfromfishlengthusingEq4FishingSeasonSampleTotalLengthinWholeWeightlbsYearSize
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