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AbstractWeinvestlgateimportancetomonitortherelativepopulationsizeforpopulation  
management．Ifwe assume the stationary POpulation，the degree ofoverexploitationis  
usua11yunderestimated．CubanHawksbillturtleswasthiscase．However，ifweknowthe  
trendsinrelativepopulationdymamics，WeCanimproveestimateoffishingmortalityand  
absolutepopulationsize．   

EbTWOrゐ：adaptivemanagement，Hawksbillturtle，1ifbtd）1e，mOnitorlng，OVereXploitation   

htrodllCtion  

In且sheriesresourcesincludingmarineturtles，thereislargeunCertaintylnlifthistory，  

populationsexratio，Survivorshipcurve，grOW血curve，POPulationsize，andagestruCtureLIn  

addition，theseparaneterSWillbevariableintimeandspace，andamongindividuals・The  

magnitudeofvariationiso食enentirelyuncertain．  

Recently，adaptlVemanagementhasbeenrecognizedasausefu1andpracticalmethod  

tomanagePOPulationorecosystemwithuncertainties・Adaptivemanagementconsistsof  

accountal）ilityfor uncertainties，adaptabilityfor dynamicalchange ofstock status，and  

continuousmonitoring（Christensenetal．1996）．Dataobtained倉omcommercial鮎heryare  

indispensableinadaptivemanagement・Successivemonitoringisalsoimportant・WeBrst  

introducetheoreticalconcernswith a  

負sheries model for harVeSt Of  

Hawksbill turtles in the Cuban  

Archipelago（Doietal．1992，Heppel  

and Crowder1996）．We discuss a  

harvest－based estimator for absolute  

populationsizein鮎heriesandwildlifb  

management・  
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Agex（yr）  
pOⅢlAPMethod  

Ifwe obtaincatch－at－age（叫enumber  

ofharveStedturtlesateachage）dataof  

sea turtlesfor a slngle year，how to   

Fig．1．Cat血－n－numberandestimationoftotal  

mortallty COe伍cient Zfrom DOIRAP method  

（Doietal．1992，SeealsoTbkunaga2000）．  

29  



make diagnosis ofthis stock？Doietal．（1992）developed“DORAP”method under  

assumptionsthat（1）ageidenti鮎ationiscorrect；（2）age－StruCtureis stable；（3）負shing  

mortalityonadultisidenticalirrespectiveofages；and（4）populationsizeiskepttobe  

COnStant（seealsoHeppelandCrowder1996，Tbkunaga2000）．Weobtaintheregressionline  

Oflog－1inearrelationshipbetweenagexyearandcatch－in－mmber＆O＝））as900＝8788e－Zx，for  

X≧10，WhereZisO・25bandisthetotalmortalityCOe伍cien叩ig．1）．Therelativefishingmortality  

underagelOyearsisasstLmedtobegivenasy¢）ゲ¢）．Fromtheageofmaturity¢m），rateOf  

maturity（E¢））andbodyweight（WTx））atagex，Doietal．（1992）estimatedthenatural  

mortalitycoe餌cientMa＆errecmitmentwherepopulationbiomassismaximizedatageof  

maturityWYxm）exp（J4k，n）・They expected alifb history parameterxmis evolutionaTily  

determinedtomaximizetheexpectednumberofoffbpringpermother・However，many  

SPeCiesof魚sheriesresourcesincludingturtles，bivalvesanditeroparOuSBshesgrowa丘erthe  

ageofmatunty，WhichiscalledindeteminategTOWth・Fororganismswithindeterminate  

growth，themortalitythatmaximizespopulationbiomassattheageofmaturityisnotoptimal・  

Anyway，the鮎hing mortality coefncient顆）is obtained as F＆）＝ZMfoⅠ・X2xmand  

顆）＝（ZMb）＆）少年）for xqm．The survivalratefrom recruitment to age x（鞭））is  

∫¢）＝expトロ岬り）】  

Undertheseassumptions，Doietal．（1992）investigatede飴ctsofnsheriesonthe  

turtles stock・We canalso estimate spawning stock biomassper reCruit（SPR）倉om  

ParameterS Xm，顆），E¢），Ftx）andMas SPR＝□∴明津坤）S（x）ifthefecundityis  

PrOpOrtionaltobodyweightofanindividual．FortheCubanHawksbillturtlesin1992，the  

ratioofSPRunder鮎hedtoSPRunderun負shed（声0foranyage），uSuallydenotedby％SPR  

（Mace1994），islessthan25％，WhichimpliesstrongoverBshing（Tokunaga2000）  

Thereal％SPRisprobablysmal1erthan25％，becauseDORAPmethodassumedthe  

Stationary population．Ifthe populationis declining，the totalmortality coe疏cientis  

underestimated．Tablelillustrates ahypotheticalexample．Iftheannualsurvivalrate  

S＝70％／y and the population decline rate dklO％／yn the ratio ofN（a＋1J7）to叫aJ｝）is  

S／（1－4）＝77．8％．UnderestimationofZresultsinunderestimationofthedegreeofoverfishing  

md％SPR（Tbkumga2000）．  

Ⅱarvest－basedestimatorofpoptllationsi2＝e  

Cuban Hawsbill turtles have 

been conserved since 1995． The  

averagenumberofharveStedturtleswas  

4700during1968－1990，Whilethatwas  

399 during1995－1999． The total  

POPulationsizeissti11uncertain．  

If we estimate the population 

declinlngrate，theabovemethodcouldbe   

Tablel．Thestock－in・numberatage＆inyear  

γOfabypotbe也calpop山atlOn．  

〟（αJ）  2000 2001 2002 2003 2004   

1，000 900 810 729 656   

2   77S  700  630  567  510   

3   605  544  490  441 397   

4   471 423  381 343  309   

5   366  329  296  267  240   
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improvedandavoidfhrtherovere叩loitationbysettmgathresholdofrelativepopulationsize  

（management  plan  in  Hokkaido  Island，  See  

http：〟www2．0ri・u－tOkyo．acjp／～ma‡suda／deer－e．html）．Trendin relativepoptllatioT15izeis  

importantfordecision－making．  

Inaddition，ifweusetrendsinrelativepopulationsize（denotedbyP），thenumberof  

CatCh（C），andtherateofnaturalpopulationincrease（r），thenwecanrOugh1yestimatethe  

al）SOlutepopulationsize（姉）．Thenumberofindividualsinyeartisgivenas邦＝rNLl－Ct．  

Since（P〆省．1）＝脚＿1），邦＝CtTIPJ（7P，TlrPT）．Despiteofalargeuncertaintyintheestimate  

OfPt，trendsinrelativepopulationsizeandcatchdatawi11givelowerandupperlimitof  

absolutepopulationsize．  

げweknowthesexratioand／oragecompositionincatchdata，thesearealsousefu1in  

abetterpopulationestimator Catchperunite肋rt（CPUE）andthenumberofegg－1aying  

SitesaregOOdindicatorsofrelativepopulationsize．CatchdataandCPUEintheageof  

OVereXPloitationarealsousefu1，becausethelargerchangeofexploitationrateglVeSthebetter  

informationintheabsolutepopulationsize．Weregardchangeinmanagementactionasan  

experiment．Theoverexploitationerawi11beano句ectlessontoadaptivemanagement，ifwe  

CO11ectandp豆blishthedataattheageofoverexploitation．  

Ifweexecuteane飽ctivemanagementforalong－1ivedanimal，WeShouldnotethat  

the population decline cominue aRerthe beginnlng Ofthe management action．Thisis  

becausethenumberofrecruitsthatarebornbeforethemanagementaCtionmaycontinueto  

decline a丘er the management actionisintroduced．Thisis calledthe momentumin  

demography．Weintroduceanewmethodofpopula土ionestimation，andthemomentumin  

demographyfor点sheriesmanagement．  
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