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RBSTRACTTheagestructureandstatusoftheUSsouthAtlanticstockofredporgyisexaminedusingrecordedandestimatedlandingsandsizefrequenciesoffishfromcommercialrecreationalandheadboatfisheriesfrom19721997TwocatchinnumbersatagematricesweredevelopedfromagelengthkeysbasedonfisherydependentandfisheryindependentdatarespectivelyForthesetwocatchmatricesestimatesofannualagespecificpopulationnumbersandfishingmortalityratesFfordifferentlevelsofnaturalmortalityM020028and035yrwereobtainedbyapplicationofacalibratedvirtualpopulationanalysesVPAusingfisheryindependentdatafromMARMAPhookandlineandtrapgearsinthecalibrationprocedureWiththecatchmatrixusingfisherydependentagelengthkeysfishingmortalityratesFincreasedfrom005in1974to134in1997forfullyrecruitedagesassumed4throughoutforcomparativepurposeswithM028whilespawningpotentialratiosdeclinedfrom90to32basedonmaturefemalebiomassandfrom89to17basedontotalmaturemaleandfemalebiomassAsimilarpatternresultsfromthecatchmatrixusingfisheryindependentagelengthkeysfishingmortalityratesFincreasedfrom006to085between1974and1997forfullyrecruitedageswhilespawningpotentialratiosdeclinedfrom88to35basedonmaturefemalebiomassandfrom80to19based2



asontotalmaturebiomassTheuseofspawningpotentialratiobasedontotalmaturebiomasswasusedforcomparisontobiologicalreferencepointsRecruitstoage1declinedfromapeakin1973of76millionage1redporgyto12000age1redporgyin1997basedoncatchmatrixusingfisherydependentagelengthkeyswhiletotalspawningstockmaturebiomassdeclinedfromapeakin1978of11700mtto323mtin1997Asimilarpatternisnotedforrecruitstoage1andtotalspawningstockbiomassobtainedfromcatchmatrixusingfisheryindependentagelengthkeysRetrospectivebiasincalibratedVPAFADAPToutputsuggestsunderstimatesofthesepopulationvaluesinthemostrecentyearsDespitetheretrospectiveproblemswithoverestimationofFandhenceunderestimationoftotalspawningstockbiomassrecruitstoage1andSPRinthecurrentyearlongtermdecliningrecruitmenttoage1headboatCPEandMARMAPSurveyCPEraiseconcernsaboutoverfishingGenerallystaticSPRhasbeenatorbelowtheSouthAtlanticFisheryManagementCouncilscriteriaforoverfishingSPR30since1981DuringthistimeperiodrecruitmentandspawningstockhavecontinuedtodeclineKeepinginmindthedifferencebetweenthresholdsandtargetsitwouldappearthatreducingFtoalevelatorbelowthatequivalentto40ostaticSPRisnecessaryforrebuildingtheUSsouthAtlanticredporgystock3



IntroductionInthispaperchangesinagestructureandpopulationsizeoftheUSsouthAtlanticredporgystockarecomputedanddocumentedTheredporgyaprotogynoussparidalsoknownassilversnapperandpinksnapperisareefassociateddemersalspeciescommonlyfoundoververyirregularandlowprofilehardbottomatdepthsrangingfrom18to183mManoochandHassler1978RedporgyoccuroffthesouthernUSAtlanticcoastintheGulfofMexicointheAtlanticoffSouthAmericafromBraziltoArgentinaoffPortugalandSpainintheMediterraneanSeaoffAfricasouthtotheCapeVerdeIslandsandaroundtheAzoresMadeiraandCanaryIslandsInthisanalysisthegeographicrangeforthedefinitionofstockfromNorthCarolinaandSouthCarolinahasbeenexpandedtoincludelandingsfromGeorgiaandtheeastcoastofFloridaVaughanetal1992HuntsmanetalTaggingstudiesshowneitherlongrangemigrationsnorextensivelocalmovementsofadult1yrredporgyManoochandHassler1978NoristherecircumstantialoranecdotalinformationtosuggestsubstantialmovementsRedporgyarefarlessabundantincatchesoffHuntsmanGRDSVaughanandJCPotts1993TrendsinpopulationstatusoftheredporgyPagruspagrusintheAtlanticOceanofNorthCarolinaandSouthCarolinaUSA19711992SouthAtlanticFisheryManagementCouncil1SouthParkCircleCharlestonSC294224



rGeorgiaandFloridaRedporgyeggsandlarvaearepelagicarebelievedtosurvivetransportbyoceancurrentsfor30daysormoreManoochetal1981andcouldproviderecruitmenttothepopulationofftheUSsouthAtlanticcoastfromtheGulfofMexicoHoweveritseemsreasonabletotreattheUSsoutAtlanticredporgypopulationoffthecoastofNorthCarolinathroughtheeastcoastofFloridaasasinglestockPeakspawningoccursfromMarchthroughAprilwithfirstmaturationforfemalesatage2Manoochetal1981Eggsarepelagicsphericalandhatch28to38hafterfertilizationRedporgyattaintheirmaximumsizeslowlyandliverelativelylong18yrorolderRedporgyareprotogynoushermaphroditesbutmaturemalesassumedtooccurinallagegroupsThusfemalespredominateatsmallersizeintervalsandtheexistenceofindividualswithbothtesticularandovariantissuesuggestsprotogynyAgespecificsexratiosareprovidedbyRoumillatandWaltzThesearebyagefromtheirTable689femaleatage191atage277atage367atage459atage551oatage625oatage7and21atage8Theyalsofoundmaturegonadsiri1880ofthefemalesatage1852atage29970atage3and100atallolderagesThesevaluesforagespecificsexratiosandfemalematurityareusedinpreferencetothoseWARoumillatandCWValtz1993BiologyoftheredporgyPauspagrusfromthesoutheasternUnitedStatesDataReport1993MARMAPSouthCarolinaWildlifeandMarineResourcesDepartmentPOBox12559CharlestonSC2942225595



usedinearlierassessmentsVaughanetal1991HuntsmanetalAttherequestoftheSouthAtlanticFisheryManagementCouncilSAFMCthisanalysisofthestatusofstockforredporgyintheUSsouthAtlanticbightwasconductedtoupdatethatofVaughanetal1991andHuntsmaneta1Theearlieranalysesusedcommercialrecreationalandheadboatdatathrough1986and1992respectivelyThisnewanalysisexpandsthegeographicrangerevisesthehistoricaldatausesadditionalagingdatausesnewinformationonsexratiosandsexualmaturityadds11moreyearsoffisherydependentdatatotheanalysisandusesfisheryindependentMARMAPdatatocalibratethevPATheeffectonVPAoutputfromtwosetsofcatchmatricesdevelopedfromtwosetsofagelengthkeysarecomparedinthisanalysisonesetisbasedonagesobtainedwithfishcollectedfromfisherydependentsourcesandonesetisbasedonagesobtainedwithfishcollectedfromfisheryindependentsourcesThisnewanalysisusesadifferentcalibratedvirtualpopulationanalyticVPAapproachbasedonADAPTGavaris1986InthisreportchangesinagestructureandpopulationsizeofredporgyfoundofftheeasternAtlanticcoastoftheUnitedStatessouthofCapeHatterasNorthCarolinaarecomputedanddocumentedSpecificallygivenagespecificestimatesofinstantaneousfishingmortalityratesandinformationongrowthsexratiosmaturityandfecundityanalysesoftrendsin6



populationvaluesfishingmdrtalityrecruitmentandspawningstockbiomassandbiologicalreferencepointsfromyieldperrecruitYPRspawningpotentialratioSPRandsurplusproductionmodelASPICareusedtodeterminethestatusoftheUSsouthAtlanticredporgystock7r



MethodsTherearethreefisheriesforredporgyintheUSsouthAtlanticcommercialrecreationalandheadboatThecommercialfisheryisprincipallyprosecutedbyhooklinewithsomelandingsbytrapandtrawlTherecreationalfisheryincludesfishingfromshoreandfromprivateandcharterboatsForsamplingpurposestheheadboatfisherychartertypeoperationsthatchargerecreationalfishermanperpersonorheadisconsideredseparatefromtherecreationalfisheryAnnualcatchnumberandweightandlengthdatafromthesethreefisheriestogetherwithlengthatageinformationpermitteddevelopmentofacatchinnumbersatagematrixorsimplycatchmatrixfor19721997DevelopmentofestimatesofcatchinnumbersatageallowsapplicationofcatchcurveapproachesbyyearclassorcohortforestimationofZIndependentestimatesofinstantaneousnaturalmortalityMbasedonlifehistoryrelationshipsPauly1979Hoenig1983permitestimationofinstantaneousfishingmortalityratesFZMSeparableandcalibratedvirtualpopulationanalysesDoubleday1976PopeandShepherd19821985andGavaris1988areusedtoreconstructtheestimatesofannualagespecificpopulationsizeandinstantaneousfishingmortalityratesFfor19721997a



DevelopmentofCatchinNumbersatAgeMatricesDatafordevelopmentofthecatchmatricesforthestudyareaoftheUSsouthAtlanticcomefromseveralsourcesCommercialfisherydataareobtainedfromNMFSSoutheastFisheriesScienceCenterBeaufortNCandMiamiFLfromtheGeneralCanvasdatabaseforcatchstatistics19721997andfromtheTripInterviewProgramTIPdatabaseforlengthandweightstatistics19831997LengthfrequenciesforcommerciallandingsfromSouthCarolinawereavailablefor19761980Vaughanetal1992RecreationalcatchandeffortestimatesandlengthandweightinformationareobtainedthroughtheMarineRecreationalFisheriesStatisticsSurveyMRFSSdatabaseNMFSWashingtonDCfor19791997HeadboatcatchandeffortestimatesandlengthandweightsamplingdataareobtainedfromNMFSSoutheastFisheriesScienceCenterBeaufortNCfor19721997Fisheryindependentlengthweightandagedatafromcommercialgearshooklineandseveraltypesoftraps19791997arefromtheMARMAPMarineResourcesMonitoringAssessmentandPredictionProgramSouthCarolinaDepartmentofNaturalResourcesCharlestonEstimationofcatchinnumbersatageissimilartothatinVaughanetal1992ThebasicapproachconsistsofmultiplyingthecatchinnumbersnscalarbyanagelengthkeyAmatrixbyalengthfrequencydistributionLvectorto



sobtaincatchinsnumbersatageNvectorNaxnAaxcIbxl1whereaisthenumberofagesegages0to8yeasandbisthenumberoflengthintervalseg25mmincrementsfrom200mmto550mmIfcatchisavailableonlyinweightasisthecasewithcommerciallandingsthencatchisconvertedtonumbersbydividingcatchinweightbymeanweightperfishlandedforthesamefisherygeartimeperiodannualandgeographicregionUSsouthAtlanticcoastLengthdataforagivenfisherygearisconvertedtoweightbyaweightlengthrelationshipandtheaveragemeanweightperfishforthatfisheryiscalculatedannuallyHistoricalLandingsAdjustmentsarenecessarytoobtaincommerciallandingsfor19721983AsinVaughanetal1992commerciallandingsforthatperiodweremultipliedby09toaccountforreportingofthepooledcategoryofporgiesSincethennoadjustmentisnecessaryHuntsmanetallToobtainannuallandingsinnumbersbygearfromannualcatchinweightbygearlandingsinweightbygearGeneralCanvasdataaredividedbymeanweightoffishlandedbythatgearTIPdataEstimatesoftherecreationalcatchstatisticsinweightandnumbersareobtainedfromtheMarineRecreationalFishery10



YStatisticsSurveyconductedfrom1979through1997Grayetal1994httpremorasspnmfsgovindexhtmlThreecatchtypesaredefinedfortherecreationalfisheryTypeAreferstocatchesthatareavailableforidentificationandmeasurementsandTypeBreferstocatchesthatarenotavailableforidentificationormeasurementThelattercategoryissubdividedintoTypeB1catchesusedforbaitfilleteddiscardeddeadetcandTypeB2catchesreleasedaliveAnestimateof18postreleasemortalityDixonandHuntsman3wasusedtoincludeaportionofthetypeB2fishinthelandingsAnadditionaladjustmenttoaccountfortheinclusionofheadboatestimateswithinthecharterpartyboatmodefor19791985wasrequiredbeforetherecreationalcatchdatacouldbeincorporatedintothecatchatagematrixasforblackseabassinVaughanetal1995InterceptsamplingforlengthisassumedproportionaltocachforseparatingheadboatfrompartycharterboatmodesHeadboatlandingsfortheperiod19791985areadjustedbystateAbout90oftheinterceptsampleseglengthmeasurementsinFloridaidentifiedunderthecombinedcharterheadboatmodearefromheadboatssoabout900ofthelandingsfcrthismodeareestimatedasfromheadboatsandtheremaining10fromcharterboatsSimilarlyanestimate3DixonRLandGRHuntsmanSurvivalratesofreleasedundersizedfishesSixthAnnualMARFINConferenceAtlanticGA1213October199311



ofabout100ofthecharterheadboatmodeandingsinGeorgiaarefromcharterboats4inSouthCarolinaand51inNorthCarolinasouthofHatterasbasedoninterceptsamplesAdditionallymeanlandingsbymodeoffishingfromtherecreationalfisheryiscalculatedfortheperiod19791997andusedfortheperiod19721978HeadboatlandingsareestimatedfromtheNMFSBeaufortLaboratorysamplingprogramDixonandHuntsmanInPressTcaidindistinguishingfromcharterboatssampledbyMRFSSwhichordinarilychargebythetriptheworkingdefinitionforheadboatisanyvesselthatusuallycarries15ormorepassengersregardlessofmannerofpaymentHeadboatlandingsinweightandnumbersareavailableforNorthandSouthCarolinafrom1972through1997EstimatedlandingsfornortheastFloridasouthtoSebastianareavailablefrom1976through1997andforsoutheastFloridafromFortPiercethroughMiamifrom1981through1997NointerceptregressionsnortheastFloridaorsoutheastFloridalandingsonCarolinalandingswereusedtoextendestimatesofheadboatlandingsinweightandmumberfornortheast0052forweightand0060fornumbersandsoutheast0024forweightand0033fornumbersFloridabackto1972Totalheadboateffortinanglerdaysandcatchofredporgyinweightperuniteffortareavailableforthesametimeperiod19721997forNorthandSouthCarolina19761997fornortheast12



Floridaand19811997forsoutheastFloridaCatchpereffortCPEiscalculatedbydividingcatchinnumbersbyeffortinanglerdaysAgainnointerceptregressionsofnortheastFloridaorsoutheastFloridaeffortonCarolinaeffortwereusedtoextendeffortestimatesfornortheast0819andsoutheast1668Floridabackto1972LengthFrequencyDistributionsCommerciallengthandweightdataareavailablefromsamplingofcommerciallandingsthroughtheNMFSTripInterviewProgramTIPdatabasebetween1989through1997fromNorthCarolinathroughtheeastcoastofFloridaOnlyNorthCarolinadataareavailablefor1983SamplingadequacyorintensityisassessedusingtheinformalstandarddevelopedbytheNMFSNortheastRegionalStockAssessmentWorkshopUSDOC1996Thisstandardpresumesthatatleast100fishlengthsshouldberecordedper200mtoffishlandedHenceavaluegreaterthan200mt100samplessuggestsinadequatesamplingCommerciallengthfrequenciesfor19721982areasinVaughanetal1992Separateannuallengthfrequencydistributionsweredevelopedforcommercialhooklinetrapsandtrawlsfrom19831997Withtrapandtrawllandingsbeinglimitedsincethemid1980sandfewfishsampled1611fortrapand1955mostlybetween19861988trawloneoveralllengthfrequencydistributionforeachgearisusedforallyears1g8913



1997AllannualgearspecificcommerciallengthfrequencydistributionsareweightedbycatchinnumbercaughtbystateTheMARMAPProgramcollectsstandardizedtrapandhooklinedataannuallyintheSouthAtlanticBightCollinsand5edberry1991ThegeographicscopeofMARMAPisCapeHatterastoCapeCanaveralbutwithmostsamplingbetweenCapeFearandJacksonvilleFloridaTheseasonalscopeforreeffishsamplingislatespringthroughsummergenerallymidtolateAprilthroughSeptemberThedataavailableforthisanalysiscomefromseveralgearsHookline19791995blackfishtraps19791989Floridasnappertraps19801989andChevrontraps19881995BasedonanalyticworkinVaughanetalInPresstheCPEfromtheChevrontrapisextendedbackto1980usingtheFloridasnappertrapForlatercalibrationpurposesonlyCPEfromtheMARMAPhooklineandextendedChevrontrapareusedLengthfrequencydistributionforredporgymeasuredintotallengthtothenearestcentimeterareestimatedbygearfortheyearsavailableRecreationallengthfrequencydistributionsfromtheMRFSSdatabaseareavailablefrom19791997AlllengthfrequencydistributionsareweightedbycatchinnumberABlcaughtduringthatmodeseason2monthwaveandstateHeadboatlengthfrequencydistributionsfromtheMRFSS19791985arenotusedinthedevelopmentofthecatchmatrixAnnualheadboatlengthfrequencydistributionsfromNMFS14



sBeaufortLaboratoryareavailablefortheperiod19721997andusedindevelopingthecatchinnumbersatagematrixAlllengthfrequencydistributionsareweightedbycatchinnumbercaughtduringthatseasonJanMayJunAugSepDecandstateNCSCNEFLandSEFLAaeLengthKeysAgelengthkeysweredevelopedfromdatafromtwosourcesfisherydependentandfisheryindependentMARMAPThefirstsetofagelengthkeyswerebasedstrictlyonfishcollectedfromfisherydependentsourcesAgelengthkeyswereavailablefortheperiod19721979ManoochandHuntsman1977andfor1986Vaughanetal1992AdditionallyPottsetalrecentlyagedredporgycollectedfromthecommercialandheadboatfisheriesbetweer1989and1998511fishwith389fishfrom19961998bysectionedotolithsThislastkeywasassumedtorepresenttheperiod19961997AsinVaughanetal1992agelengthkeysformissingperiods19751985and19871995wereobtainedbylinearinterpolationfromthethreeagelengthkeysfor197219741986and19961997AsecondseriesofagelengthkeyswereobtainedfromfishcollectedinMARMAPprogramsamplestakenfromtheSouthAtlanticBightduring19791994HarrisandMcGovern1997RedporgywerePottsJCCSManoochIIIandEHLabanInpreparationEstimatedagesofredporgyfromfisherydependentandfisheryindependentdatawithcomparisonofgrowthparametersNationalMarineFisheriesService101PiversIslandRoadBeaufortNC2851615



collectedwithavarietyofgearsbutprimarilywithhooklineblackfishtrapsFloridasnappertrapsandmorerecentlyChevrontrapsCollins1990WeightsnearestgandlengthstotalandstandardnearestmmwererecordedandotolithssagittaewereremovedandstoreddryOtolithswereexaminedwholeunderreflectedlightwithadissectingmicroscopeandageestimateswerebasedonthenumberofopaquezonesvisibleMARMAPagingdataweregroupedin3andthen2yearperiodsfrom19791999197919811982198419851987198819901991199219931994Pottseta1Galsoaged111redporgycollectedduring19961997bytheMARMAPprogramAnagelengthkeyfromthesedatawasusedfortheperiod19951997Becausenoagingoffishfromfisheryindependentsourceswasavailablepriorto1979thecommercialkeyfor19721974ManoochandHuntsman1977wasusedwithlinearinterpolationbetweenthatkeyandthekeyfromMARMAPdatafor19791981GrowthintotallengthasafunctionofagewasfittothevonBertalanffy1938growthequationusingnonlinearregressionwiththeMarquardtoptionSASInstituteInc1987ParameterswereestimatedusingvariouscombinationsofyearsanddatasourceswithequalweightsamongtheindividualfishThevonBertalanffyparameterswerereestimatedsoasnottoincludemultiplebackcalculatedlengthmeasurementsbutonlythemostmeasurementoflengthatageperfishVaughanandBurton1994Totallengthsinmillimeterswereusedintheanalysis16



AgelengthkeysmatricesareneededoconvertlengthfrequencydistributionstoagefrequencydistributionsThekeysconsistoftheproportionoffishofeachagesampledfromagivenlengthintervalAsregardsthefisheryindependentagelengthkeysanoverallagelengthkeyfor19791994withtotallengthdividedinto25mmincrementsfrom200mmto550andages0through8yearswasdevelopedn8660redporgyNextseparatekeysweredevelopedfortemporalperiodsdescribedaboveWhenfewerthan10fishwereavailableforagivenlengthintervaldatawereusedfromakeyrepresentingthetimeperiodofgreaterduration19791994Totallengthsgreaterthan575mm0outof8660observationsandagesgreaterthan8years67outof8660observationsarepooledwithlengthsof550mmand8yearsrespectivelyCatchinNumbersatAQeMatrixAnnualapplicationofEq1toeachfisherygearcommercialhooklinecommercialtrapscommercialtrawlsrecreationalandheadboatwereperformedseparatelyandaccumulatedforeachyeartoobtainannualestimatesofcatchinnumbersatagefor19721997referredtoascatchmatrixEq1wasalsoappliedannuallytotheMARMAPSurveyestimatesofredporgycatchpereffortCPEseriesoffisheryindependentagelengthkeysandcorrespondinglengthfrequencydataforeachgearavailablefrom19791997toobtainagespecificcalibrationindiceshooklineandextended17



ChevxontrapCoherencyofthecatchmatricesareassessedbyconsideringthepairwisecorrelationsamongagessuchthatcatchatagearelinedupbycohortOnewouldexpectthataftertheageoffullrecruitmentbythegearhighcorrelationsshouldbeobtainedHenceoneshouldbeabletofollowastrongorweakcohortthroughthecatchmatrixfisherydependentandfisheryindependentagelengthkeysandMARMAPCPEmatriceshooklineandextendedChevrontrapMortalityandPopulationDynamicsInstantaneoustotalmortalityrateZwasestimatedfromcatchcurveanalysisRicker1975byyearclasscohortfromthefisherycatchmatricesobtainedfromeitherfisherydependentorfisheryindependentagelengthkeysEstimateswereobtainedbyregressingthenaturallogarithmofcatchinnumbersagainstageforrecentcohortsoverfullyrecruitedagesdescendingrighthandlimbages4through7TheseestimatesareusedsolelytoprovidestartingvaluesforFintheapplicationofseparableVPAobtainaverageZfrom19891991cohortsforeachcatchmatrixandFfromZMNaturalMortalityPauly1979obtainedthefollowing18



relationshipforestimatingMbasedongrowthparametersandmeanenvironmentaltemperaturelog1LM0006602791ogoLa065931ogK046341ogIT2whereMequalsinstantaneousnaturalmortalityrateLcmandkyr1areparametersfromthevonBertalanffygrowthequationandTCismeanenvironmentaltemperatureAmeanannualseawatertemperatureof22CManoochetal1998wasusedtorepresentmeannearshoretemperatureoffofthesoutheasternUSAtlanticcoastEstimatesofMbasedonPaulys1979approachrangedfrom027to057LowerestimatesofMareassociatedwithhigherestimatesofLandlowerestimatesofKAnothermajorlifehistoryapproachsuggestedbyHoenig1983isbasedonthemaximumageobservedinthepopulationBecausetherelationshiphedevelopedisbasedonZinsteadofMthemaximumageintheunfishedpopulationF0MZFwouldprovideanestimateofMTheoldestfishintheMARMAPdatasetwasage14yieldinganestimateofMequalto030whiletheoldestagefromfisherydependentsourceswas18yieldinganestimateofMequalto023HigheragesprovidelowerestimatesofMAfewotherapproacheswerealsoconsideredThatofRalston1987basedsolelyonthegrowthparameterKgave19



Yestimatesrangingfrom022forK01to064forK03ThemethodofAlagaraja1984alsobasedonmaximumagegaveestimatesrangingfrom017to026usingthemaximumageof18andarangeofexpectedsurvivaltomaximumage001to005BecauseagingdatasetstypicallycontainlargenumbersofyoungandrelativelyfewolderfishproblemsoftenresultinestimatingLandKinthevonBertalanffygrowthcurveVaughanandKanciruk1982GreaterconfidenceisassociatedwithagingespeciallyinrecentyearswithagesbasedonsectionedotolithsPottsetalyEstimatesbasedonmaximumagetendtosuggestlowerMthanthosebasedongrowthparametersAsinVaughanetal1992mostofouranalysesarebasedonMequalto028withadditionalanalysesforMequalto020and035FishingMortalityandPopulationEstimatesThetwocatchmatricesbasedonfisherydependentandfisheryindependentagelengthkeyswereinterpretedusingvirtualpopulationanalysisVPAapproachtoobtainannualagespecificestimatesoffishingmortalityratesandpopulationsizeVirtualpopulationanalysissequentiallyestimatespopulationsizeandfishingmortalityratesforyoungeragesofacohortfromastartingvalueoffishingmortalityfortheoldestageMurphy1965AnestimateofnaturalmortalitytypicallyassumedconstantacrossyearsandageswasalsorequiredTheseparablemethodofDoubleday1976whichassumesthatageandyearspecificestimatesofF20



vcanbeseparatedintoproductsofageandyearcomponentswasrunonthe19921997portionofthecatchmatrixtodevelopestimatesofpartialrecruitmentbyageTheseestimatesofpartialrecruitmentserveasinputtothecalibratedVPAprogramusedTheperiod19921997representsthetimeperiodsincetheintroductionofa12inchminimumsizelimitinAmendment4totheSnapperGrouperFMPSAFMC1991TheFORTRANprogramdevelopedbyClay1990basedonPopeandShepherd1982wasusedtoobtainestimatesofagespecificavailabilityorthepartialrecruitmentvectortoaidinsettingupthecalibratedVPAdescribednextAmethodofVPAthatusesfisheryindependentindicesofabundancePopeandShepherd1985inthecalibrationprocesswasusedThespecificcalibrationapproachwasthatdevelopedbyGavaris1988andmodifiedbyDrVictorRestrepoCooperativeInstituteofFisheriesOceanographyUniversityofMiamiMiamiFLastheprogramFADAPTIndicesusedforcalibrationwaslimitedtoMARMAPdataforhookline19791997andextendedChevrontrap19801997TheChevrontrap19881997wasextendedbackintimeto1980withanothertrapgearusingaconversionfactordeterminedbytheMARMAPprogramfromsynopticsamplingduring19881989Collins1990andVaughanetalInPressThisconversionfactor558wasappliedtotheFloridasnappertrapfortheperiod19801987Mostcalibrationrunsweremadewithbothindicesbutafewrunsweremadewitheach21



indexseparatelXThecatchmatrixanalyzedconsistedofcatchinnumbersforages1through8andfishingyears1972through1997partialrecruitmentforage0redporgywasessentially0forallyearsFortheSVPAstartingvaluesforFwerebasedonthemeanothefinalthreeyearclassestimatesofZ08yrandfinalFobtainedbysubtractingMfromZSensitivityofestimatedFandrecruitmenttoage1touncertaintyinMwasinvestigatedbyconductingtheaboveVPAswithalternatevaluesofM020and035AstartingpartialrecruitmentvectorforFADAPTwasbasedonanSVPArunfortheperiod19921997RetrospectiveanalyseswereconductedforthecalibratedVPAapproachtoinvestigatethepotentialforbiasinFandrecruitmenttoage1forthemostrecentyearsbyvaryingthefinalyearusedintheanalysisfrom1992to1997initialyearwas1972throughoutTheproportionaldifferenceDbetweenestimatesofForrecruitstoage1fromhistoricaldatalastyearofcatchmatrixusedwasvariedbetween1992and1996andfromthefullcatchmatrixlastyearofcatchmatrixusedwas1997werecomparedDXX97IX93whereX9istheparameterestimatebasedontheanalysisoncatchmatrixfor19721997andXistheparameterestimate22



basedonthereducedcatchmatrixbeginningin1972andendinginyearis19921996ThevariableXcanbemeanFages48recruitstoage1oranyothervalueofinterestYieldperRecruitEquilibriumyieldperrecruitanalysiswasconductedbasedonthemethodofRicker1975whosubdividedtheexploitedphaseintoanumberofsegmentsegyearsduringwhichmortalityandgrowthratesareassumedconstantThisapproachpermitsinstantaneousnaturalandfishingmortalityratestovaryduringthefishablelifespanandpermitsageneralgrowthpatterntobeusedTotalequilibriumyieldperrecruitisobtainedbysummingthecatchesineachsegmentoverthetotalnumberofsegmentsInputdatawerebasedonbothsexesandallyearscombinedSpawningPotentialRatioGabrieletal1989developedmaximumspawningpotentialMSPasabiologicalreferencepointThecurrentlyfavoredacronymforthisapproachisreferredtoasstaticspawningpotentialratiostaticSPRArecentevaluationofthisreferencepointisgiveninareportbytheCulfofMexicoSPRManagementStrategyCommittee1996fortheGulfofMexicoFisheryManagementCouncilseealsoMaceandSissenwine1993andMace1994StaticorequilibriumSPRwascalculatedasaratioofspawningstocksizewhenfishingmortalitywasequaltotheobservedorestimatedFdividedbythe23



spawningstocksizecalculatedwhenFequalozeroAllotherlifehistoryparameterswereheldconstantegmaturityscheduleandagespecificsexratiosHencetheestimateofstaticSPRincreasesasfishingmortalitydecreasesComparisonsofagespecificspawningstockbiomasswerebasedonmaturefemalebiomasseggproductionorevenontotalmaturebiomassbothmalesandfemalesToaddressthechangeinmaletofemaleratiowithincreasingmortalitythereductionintheproportionofmaturemalestomaturemalesandfemalesinnumberswasestimatedcomparedtowhatthatproportionwouldbewhenFequalszeroWeusedtherelationshipbetweenfecundityEnumberofeggsandtotallengthTLmmbasedontheleastsquareslinearregressionequationr066n50Manooch1976InE141325435981nTL4toprovideanalternativetofemalespawningstockbiomassasameasureofspawningpotentialSeparatesexbasedgrowthrelationshipswereusedformalesandfemalesinthesecalculationsSpawnerRecruitRelationshipsAsforspawningpotentialratiospawningstockbiomassiscalculatedfromagespecificestimates24



ofpopulationnumbersmeanweightsexratiosandsexualmaturityBecauseredporgyaregonochoristicresultspresentedarebasedmostlyontotalmaturebiomassRecruitstoage1arecomparedtothespawningstockbiomassthatproducedthemSurplusProductionModelASPICITheASPICprogramforestimationoftheSchaefersurplusproductionmodelwasimplementedfortheUSsouthAtlanticredporgypopulationPrager1994Datausedinthisimplementationincludedtotallandingscommercialrecreationalandheadboatlandingscombinedinweightfrom19721997andcatchpereffortCPEindicesfromtheMARMAPfisheryindependentsurveyhooklinefor19791997andtheextendedChevrontrapfor1980199725



FtesulisHistoricalDataForthestudyperiod19721997totallandingsinweightrosefromabout339mtin1972toapeakof1481mtin1982Table1Landingshavebeenatorbelow300mtsince1992with228mtin1997Peakintotallandingsinnumberswasover18millionin1984Duringthe1970sthelandingsbyweightwere53ocommercial7recreationaland40headboatDuringthe1980sand1990stheimportanceofheadboatlandingstototallandingsbyweightwasreducedwith81commercial5recreationaland14headboatforthe1980sand779and14respectivelyforthe1990sCommerciallandingsinweightrosefrom60mtin1972to1279mtin1982anddecliningtonearorunder200mtduringmostofthe1990sTable1Similarlycommerciallandingsinnumbersrosefrombelow01millionfishin1972tojustover16millionfishin1989andgenerallybelow03millionfishduringmostofthe1990sBetween1975and1989trawllandingsinweightwereaslargerorlargerthancommercialhooklinelandingsFiglaHoweversince1985commercialhooklinelandingsbyweightmadeupabout930ofallcommerciallandingswithcommercialtraplandingsmakingupabout5oandtrawllandingslessthan20Recreationallandingsinweightfluctuatedbetween6and9626



vmtTable1tecreationallandingsinnumbersduringtheperiod19791997showednoparticulartrendaveragingabout69000fishABl18gB2althoughsomelargeestimates100000wereobtainedbetween1985and1990CatchesbymodeoffishinghavebeenhighlyvariablebyFiglbShorebasedcatcheshaveaveraged2600kgor4600fishcharterboatcatcheshaveaveraged15400kg27300fishandprivateboatcatcheshaveaveraged20800kgor36900fishovertheperiod19791997Similarlyheadboatlandingswereconsistentlyhighduringthe1970s200000redporgyweregenerallybetween100000200000fishduringthe1980sandlessthan100000fishbeginningin1992Table1MostofthelandingshavecomefromNorthandSouthCarolinawithonlysmalllandingsfromGeorgiaandtheeastcoastofFloridaFiglcAdecliningtrendinheadboatcatchinnumbersperanglerdaysisapparentforbothNorthandSouthCarolinalFig2DeclinesincatchpereffortCPEarealsonotedinindicesbasedonMARMAPsamplingusinghooklineandextendedChevrontrapFig2TrapeffortwasstandardizedbysoaktimeandhooklineeffortbyanglingtimeCollinsandSedberry1991ThereisaprecipitousdeclineintheextendedChevrontrapCPEwithasimilarbutsomewhatlessdramaticdeclinenotedinthehooklineCPEAdequacyofLengthFrequencySamlinqAdequacyofsamplingfor27



fishlengthswasgenerallyexcellentforcommercialandheadticalandingsandadequateforrecreationallandingsTable2HowevereachfisherywasstratifiedbyyearareaetcforwhichsomecellswerelackingsamplesHeadboatsamplingforlengthsofferedonlyslightproblemsintheearlyyearswhennolengthsampleswereavailablesouthoftheCarolinaspriorto1976andforsoutheastFloridapriorto1981LengthfrequenciesfromGeorgiaandnortheastFloridawereusedforsoutheastFloridabetween1976and1980andmeanlengthfrequencydistributionsfortheperiod19761980wereusedfor19721975fromallareassouthoftheCarolinasBecauselandingsbyheadboatfromtheseareaswereminimallittlebiasshouldbeassociatedwiththeseassumptionsFiglbEvenwithgenerallysmalllandingsfortherecreationalcomponentthesmallsamplesizeswouldsuggestonlyoccasionalproblemsincertainyearsHoweverwhendifferentareasandmodesoffishingareconsideredsamplesizesaregenerallyinadequatePooledlengthfrequencydistributionswereobtainedacrossyearsasweightedbycatchinnumbersbybimonthlyperiodwavestateandmodeoffishingGreaterdifficultiesarisefromsamplingforfishlengthsforthecommercialfisheryespeciallywhengearspecificsamplingisconsideredAsnotedinVaughanetal1992nofishlengthsampleswereavailablefor19721975and19811982Mostofthecommercialfishlengthsamplesarefromthehook28



linegearOfcoursemostofthecommerciallandingshavebeenfromthisgearexceptwhenthetrawllandingspredominatedbetween1978and1984LengthsamplesfromtrawllandingswerepooledandappliedtolandingsfromthetrawlgearSimilarlylengthsamplesfromtraplandingswerealsopooledandappliedtolandingsfromthetrapgearGenerallyannuallengthsamplesforhooklinewereavailableAsinVaughanetal1992thelengthfrequencydistributionof19761980wasusedfor19721975andlinearinterpolationwasusedfor19811982from1980and1983lengthfrequencydistributionsGrowthinWeicrhtandLenhTheestimatedrelationshipforweightkgWasafunctionoftotallengthmmLarefrompublishedvaluesForfisherydependentmodelingvaluesforaandbinWaLbwerefromManoochandHuntsman1977a000002529andb28939forthe1970sand1980sandfromPottseta15a000000885andb3060forthe1990sForfisheryindependentmodelingvalueswerefromManoochandHuntsman1977for197278andfromMARMAPdata19791999a000003064andb28653fortheremainingyearsParameterestimateswereestimatedforthevonBertalanffygrowthequationaresummarizedinTable3DifferentestimatesofvonBertalanffyparametersarefordifferenttimeperiodsandfromdifferentdatasourcesfisherydependentandfishery29



independentsourcesAnnualestimatesofmeanweightforcommercialhooklineandheadboatfortheCarolinasareobtaineddirectlyfromsampledfishlengthsusingweightlengthrelationsdescribedaboveFig3DividingcatchinweightbycatchinnumbersannualestimatesofoverallmeanweightkgoffishlandedwereobtainedTheoveralltrendwasgenerallydownwardespeciallysinceabout1978FisheryCatchMatricesandCoherencyCatchmatriceswereestimatedusingEq1usingtwosetsofagelengthkeysTable4Becausecatchinnumbersforage0redporgywereoften0orverysmalltheyhavebeendroppedfromthecatchmatricesThecatchmatrixobtainedusingfisherydependentagelengthkeysshowsamodalageofage5for19721982followedbyanabruptdropinmodalagetoage2Modalagehasgraduallyincreasedbacktoage4Althoughthecatchmatrixobtainedusingfisheryindependentagelengthkeyshassomemodalagesofage5inthe1970sthereareseveralexceptionsieage2in1975orage3in1976ThepatternissimilartotheothercatchmatrixbutmuchmorevariablePairwisecorrelationsamonglaggedcatchatagewerecalculatedforbothcatchmatrixesTable5Bothgenerallyshowedsignificantat01levelcorrelationsbetweenlaggedcatchesatadjacentagesAfewsignificantcorrelationswere30r



foundamonglaggedcatchesfofnonadjacentagesMARMAPIndicesandCoherencyThecalibratedvirtualpopulationanalysisFADAPTusesMARMAPcatchpereffortCPEthatwasbrokenintogearandagespecificvaluescomparabletodevelopmentofthefisherycatchmatrixbutonlyusingthefisheryindependentagelengthkeysEstimatesofCPEatageforhooklinearefrom19791997andfortheextendedChevrontrapfrom19801997Table6AswiththefisherycatchmatricesCPEforage0wasalwayslessthan0001sothisagewasdroppedfromtheindexCPEatageCoherencyofthesematricesarealsoexploredusingpairwisecorrelationsamonglaggedCPETable7Thehooklinegearshowsgreatestcoherencyamongtheyoungeragesegages14whiletheextendedChevrontrapappearsverycoherentoverawiderolderrangeofagesegages3TrendsinMortalityandRecruitmentAsstatedaboveFADAPTrequiresinputoftheagespecificavailabilityofeachageinthecalibrationindexsoagesgreaterthanorequaltothemodalageweresettooneandforagesyoungerthanthemodalagetheCPEforthatagewasdividedbytheCPEforthemodalageEstimatesofFforages4through7wereassumedfullyrecruitedforallyearsforthepurposeofcomparisonacrossyearsEstimatesofFwereaveragedovertheseagesweightedbypopulationnumbersatthoseagesreferredtoasmeanorful1F31



tiRecruitmentisthepopulationnumbersatagelatthebeginningofthecalendaryearreferredtoasrecruitstoage1UsingFADAPTappliedtothecatchmatrixbasedonfisherydependentagelengthkeyswitharangeofMannualestimatesofFforallagesl234tendedtobelowestfortheperiod19721978comparedtotheperiods19821986and19921996Table8Fonages1and2initiallyincreasedbetween19721978and19821986andthendecreasedbetween19821986and19921996MeanwhileFonages3and4initiallyincreasedbetween19721978and19821986butremainedessentiallyunchangedbetween19821986and19921996ThetrendinannualestimatesoffullFwithM028startslowrisingabruptlyduringthelate1970speaksin1982decreasesthoughnottothelowvaluesoftheearlymid1970sandthengraduallyrisestoveryhighestimatesforthemostrecentyearsFigaAsimilarpatternisnotedinfullFfromFADAPTappliedtothecatchmatrixbasedonfisheryindependentagelengthkeyswithM028butwithlowervaluesforthemostrecentyearsFig4bTheFADAPTapproachwasconductedwithMequalto020and035withthecatchmatrixbasedonfisherydependentagelengthkeysFig5FullFisunderestimatedslightlyifMisoverestimatedegifM020insteadofassumedM028andfullFisoverestimatedslightlyifMisunderestimatedegifM035insteadofassumedM028Fig5a32UL



1vThebiasinestimatesofrecruitstoage1duetomisspecificationofMincreasesasoneproceedsbackintimeFig5bHoweverthepatternofinitiallyhighrecruitmentfollowedbyalongperiodofdecliningrecruitmentpersistsregardlessoflevelofMWithcatchmatrixfromfisherydependentagelengthkeyswithM028recruitstoage1peakedin1975with76millionfishandsteadilydeclinedto399000fishin1995and12000fishin1997CorrespondingvaluesforM020are45millionin1975321000in1995and10000in1997andforM035125millionin1975490000in1995and15000in1997InusingFADAPTtheprogramwasallowedtoestimatetherelativeweightingamongthefisheryindependentindicesusedinthecalibrationprocessWeightingvariedslightlyamongthedifferentFADAPTrunswithvaryingMyieldingweightingvaluesof005forhooklineand095fortheextendedChevrontrapfromthecatchmatrixusingfisherydependentagelengthkeyscorrespondingweightingsofabout007and093fortheothercatchmatrixAcomparisonismadebasedonusingonlythehooklineindexoronlytheextendedChevrontrapindexFig6VerysmalldifferencesarenotedinfullForrecruitstoage1althoughsomedeviationinfullFinthemostrecenttwoyears19961997isapparentBecausevirtualpopulationanalysesworkbackwardsfromanassumedorstartingFfortheoldestageofacohorttothe33



vyoungestageconfidenceinestimatedForpopulationbiomassiwasleastforthemostrecentestimateandconvergestowardstruthfortheyoungestagesEstimatesgenerallyconvergedwithinabout2to3yearsProportionaldifferencesinestimatesoffullyrecruitedfishingmortalityratesage4andrecruitstoage1arecomparedforanalysesbasedoncatchmatricesrestrictedtoearlierfinalyears19921996toanalysisbasedoncompletecatchmatrix1997todeterminewhethertherewasanyconsistentbiasFig7TherewasalargepositivebiasinfullFoverestimateinthemostrecentyearSubsequentpopulationlevelanalyseswerebasedonaveraginginstantaneousfishingmortalityratesforthreetimeperiods1972197819821986and19921996Table8and9YieldperRecruitEstimatesofequilibriumyieldperrecruitaresummari2edforthecalibratedVPAFADAPTrunswithcatchmatrixbasedonfisherydependentagelengthkeysTable9fordifferentlevelsofMandthreetimeperiods1972197819821986and19921996BecauseofthebiasobservedinestimatedFfor1997Fig7aestimatesofFfor1997werenotincludedincalculationsfortherecenttimeperiodIncreasingnaturalmortalityledtodecreasingestimatesofyieldperrecruitYieldperrecruitisplottedagainstfullfishingmortalityages98forthreetimeperiodsFig8Twotraditionalbiologicalreferencepointsobtainedfromtheyieldperrecruit34



tapproachareFinaxandFSissenwineandSheiherd1987UsingestimatesofFforthemostrecenttimeperiod19921996assumespartialrecruitmentvaluebasedonaverageFatagefromcalibratedVPAappliedtoeachcatchmatrixthesereferencepointswereestimatedasFinax06and14respectivelyandG3and04respectivelyforfullyrecruitedagesTable10ThefirstvalueforeachreferencepointFinax06andF03shouldbeconsideredtheappropriatevaluesincetheagelengthkeysbetterrepresenttheagestructureoffishremovedbythefisheriesSpawningPotentialRatioEstimatesofequilibriumspawningpotentialratiousingestimatedFTable8fromcalibratedVPAappliedtothetwocatchmatricesaresummarizedbytimeperiodandassumedlevelofMTable9BecauseofthebiasobservedinestimatedFfor1997Fig7aestimatesofFfor1997werenotincludedincalculationsfortherecenttimeperiodEstimatedequilibriumSPRisplottedagainstfullFforthreetimeperiodsUsingcalibratedVPAFADAPTestimatesofFfromthecatchmatrixbasedfisherydependentagelengthkeyswithMof028forthreeperiodsSPRestimatesbasedontotalmaturebiomassfemalebiomassandmalebiomassarecomparedFig9MaturefemalebiomassislessaffectedbyincreasingFthanmaturemalebiomasspreciselybecausetheyoungerfisharepredominantlyfemalesandtheolderfisharemalesFullFthat35
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DiscussionandManagementImplicationsNumerouschangeshavebeenmadeinthisanalysistoextendandimproveonthoseshowninVaughanetal1992andHuntsmanetalThemajorimprovementhasbeenadditionalagingdatafrombothfisherydependentandfisheryindependentsourcesandfisheryindependentindicesforcalibratingvirtualpopulationanalysisLinearinterpolationforthecatchmatrixusingfisherydependentagelengthkeyswasnecessaryfor19751985asinVaughanetal1992andfor19871995Althoughmoreconsistentagingdatawereavailableforthecatchmatrixusingfisheryindependentagelengthkeysitwasstillnecessarytosubstitutethefisherydependentagelengthkeysfor19721974andlinearlyinterpolatefor19751978ThesecatchmatricesdemonstrateamoderatelevelofcoherencesignificantcorrelationsbetweenadjacentagesbutwithrelativelylargeFssignificantcorrelationsbetweencatchatagelaggedseveralyearsshouldnotnecessarilybeexpectedHoweverCPEatagefortheMARMAPgearhooklineandextendedChevrontrapshowedahighdegreeofcoherencyespeciallyfortheextendedChevronTheanalysesonthecatchmatrixfromfisheryindependentsourcestendtoprovidelowerestimatesoffishingmortalityratesandhigherestimatesofpopulationandspawningbiomass38
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