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Executive Summary

This review of reef fishing in Hawaii andAmericanSamoaassessesthe po-
tentialof archaeologicalandhistoricaldatato provide informationon patternsof
resourceusefrom coral reefs,their long-termimpactsandeffects,andthecauses
andratesof ecologicalchange.Sourcesreviewedarelistedin anextensivebibliog-
raphyandtheircharacteristicsaresummarizedin aseriesof tablesthatareincluded
asappendices.The tablesfor archaeologicalsourcesrank themaccordingto the
amountof informationthey contain.Thetablesfor historicalsourcesindicatethe
time period(s)to which eachsourceappliesandrecordthe kinds of information
thateachsourcecontainsusinga twentypoint classification.

The review indicatesthat the pre-1950dataare much fuller and richer for
Hawai‘i than they are for AmericanSamoa. In Hawai‘i, it shouldbe possible
to characterizepatternsof fishery resourceexploitation and chart at leastsome
changesin theseover time usinga combinationof extantarchaeologicalandhis-
torical information.An investigationof long-termchangesin inshoreresourcesin
Hawai‘i will requireeithernew fieldwork, a re-examinationof existing archaeo-
logicalcollections,or applicationof anew analyticmethodwhoseutility is notyet
establishedin thePacific. Noneof thesegoalscanbeachievedwith thescantar-
chaeologicalandhistoricalinformationavailablefor thepre-1950periodin Amer-
icanSamoa.

The post-1950fisheriesdatafor both Hawai‘i andAmericanSamoaarerich
anddetailed.They haverevealedimportantaspectsof, andchangesin, exploitation
patternsandtheconditionof inshoreresources.
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4 1 INTRODUCTION

1 Intr oduction

At therequestof WesternPacificRegionalFisheriesManagementCouncil(WPRFMC),SUTWVWT#X�Y[Z5\^]`_�abacZed%fhgWZFiejlk�m%nLo[d�Ze_�ab_%fhpcieqriejWsrtWnLT
hascompleteda review of archaeologi-

cal andhistoricaldataconcerningreef fishing in Hawaii andAmericanSamoa.The
purposeof the review wasto assessthe potentialof the datato provide information
on patternsof resourceusefrom coral reefs,their long-termimpactsandeffects,and
thecausesandratesof ecologicalchange.Thesepotentialsourcesof informationhave
provedusefulto fisherymanagersin thePacific, who have adoptedwhathascometo
be known asa “data-less”approachto fisherymanagement(Johannes1998;Dalzell
1998).

The review addressesfour substantive topics—humandemography, patternsof
fishery resourceexploitation, temporalchangesin fishery resourceexploitation, and
long-termchangesin reeffish populations—setout in thestatementof work. Eachof
thesetopicshasits own setof methodsapplicableto archaeologicalandhistoricaldata;
thesearereviewedandsummarizedto provide a baselineagainstwhich thestrengths
andweaknessesof the historicaldatacanbemeasured.The review thenassessesthe
likely resultsof themethodsappliedto theinformationin theliteraturereviewedfrom
Hawai‘i andAmericanSamoa.Thereviewedliteratureis presentedin a bibliography
of archaeologicaland historical sourceson demographyand fishing in Hawai‘i and
AmericanSamoa.Thisbibliographyis acentralproductof thereview, whichcanserve
asthebasisfor futureanalysesaimedat providing fisherymanagerswith theinforma-
tion they desire.The review endswith somecommentson thepotentialapplicability
of this typeof review to otherPacific Islands.

The review is presentedin six sectionsbasedon the substantive topics. Changes
in humanpopulationprovide an importantdatumin assessingthe potentialeffectsof
fishing practiceson ecologicalchange.Section2 reviews the methodsandliterature
sourceson historical demographyfor Hawai‘i andAmericanSamoa. Both Hawai‘i
andAmericanSamoahave seenwholesalechangesin patternsof fisheryresourceex-
ploitationin themodernperiodastraditionalfishingpracticesweretransformedby the
introductionof modernfishinggearandboats,anda casheconomybasedon imports
andexportschangedpatternsof work anddiet. Informationon patternsof fisheryre-
sourceexploitation is reviewed in section3 and for changesover time in section4.
Reviewsof archaeologicalinformationindicatethat,in severalislandgroups,molluscs
andturtlesdeclinedin abundancethroughharvestpressureandenvironmentalchanges
(Dalzell 1998).An emerging literatureexploresthearchaeologicalmethodsneededto
assesshumanimpacton traditionalfisheries(LeachandDavidson2001)andthepos-
sibility of a widespreaddeclinein traditionalfishingintensityassociatedwith process
of agriculturalintensification,increasedcompetition,andpossiblyresourcedepression
(Allen et al. 2001). The information for long-termchangesin inshoreresourcesin
Hawai‘i andAmericanSamoais reviewedin section5. Thepotentialapplicabilityof
this typeof review to otherPacific Islandsis discussedin section6. Theresultsof the
review aresummarizedandconcludingstatementsofferedin section7.

The remainderof this sectionsetsout the scopeof work providedby WPRFMC
anddescribestheconductof thereview of archaeologicalandhistoricalsources.
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1.1 Statementof Work

Thereview wasguidedby a statementof work setout in thecontract(WesternPacific
RegionalFisheryManagementCouncil2003).Thestatementof work readsasfollows:

The contractorwill review variousliteraturesourceson the archaeo-
logical record,humanpopulationdemographics,andrecentfisherydata
andgeneratea reportascertainingthe potentialof thesedatasourcesto
providethefollowing information:

• adescriptionof thedemographicsof humanpopulationsin theHawai-
ian IslandsandAmericanSamoafrom theperiodof their first colo-
nizationto thepresent

• a descriptionof thepatternsof fisheryresourcesexploitedby histor-
ical populationsin theHawaiianIslandsandAmericanSamoa,with
anemphasisoncoralreeffishesandcoralreefinvertebrates,andtur-
tles

• a descriptionof thetemporalchangesin fisheryresourcesexploited
in theHawaiianIslandsandAmericanSamoawith emphasisonfish,
invertebratesandturtlesfrom coralreefsandassociatedhabitats

• the possibility of inferring from the historical recordthe long term
changesin reef fish populationsassociatedwith historical human
populationsandtheirextractiveactivities,assessthepotentialtomake
estimatesof the historicalannualvolumeor yields of reef fish and
invertebratestakenfrom thereefsin theHawaiianIslandsandAmer-
icanSamoa,andcommentontheapplicabilityof themethodto other
Pacific Islands

1.2 Conduct of the Review

Thereview wascarriedout from June1, 2003to October31, 2003. Thearchaeolog-
ical literaturewasreviewedby ThomasS. Dye,with theassistanceof Jeffrey L. Putzi
andWindy K. McElroy. The two primary sourcesof archaeologicalinformationare
containedin thelibrariesof thehistoricpreservationofficesof Hawai‘i andAmerican
Samoa.Archaeologicalreportsat the Hawai‘i Historic Preservation Division library
werereviewedatthelibrary in Kapolei.Archaeologicalreportsin theAmericanSamoa
Historic PreservationOffice (ASHPO)library weredownloadedasportabledocument
format files from that library’s web site (AmericanSamoaHistoric Preservation Of-
fice 2003).Reportswerereviewedfor informationon archaeologicalrecoveryof fish,
shellfish,andturtle. Notesweretakenon the level to which the remainsof eachtype
wereidentified,theamountof identifiedmaterial,andthemeasurementunitsusedin
thereport.

The review of archaeologicalmethodswascarriedout by Dye at the
SUTUVWTWX�YlZu\

]`_�abacZed%fhgWZFiejvk�men1old)ZF_)ac_�fhpcieqriejwsxtWnLT
library, the mainbranchof theHawaii StateLibrary,

andat HamiltonLibrary, Universityof Hawaii.
Thereview of historicalliteraturewascarriedoutby ThomasGraham,RobertT. B.

Iversen,andDye. Thework wasbegunby Iversen,whoseinvolvementin theproject
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wascut shortby healthproblems.Iversenturnedover the materialshe hadcollected
to Graham. Historical sourcesof information aboutHawai‘i and AmericanSamoa
startedbecomingavailableshortlyafterEuropeansfirst visitedthetwo islandgroupsin
1778and1722,respectively. A searchwasmadefor historicalsourcesthatpertainedto
humandemographyandinshorefisheryresourcesandtheirexploitation.Thesesources
werecollectively reviewedin termsof theirpotentialto revealhistoricaldemographics,
patternsandtrendsof resourceexploitation,andlong-termchangesin theconditionof
inshoreresources.Theintentof thereview is to identify thepotentiallyusefulsources
andto highlight the typesof informationthat eachprovides. Throughoutthis report,
the term “inshoreresources”is usedto describethe living marineresourcesfound in
shallow-watercoastalwaters. It is difficult to draw a line betweeninshoreresources
andneighboringresources,suchasdeep-waterdemersalresourcesor coastalpelagic
resources,and no attemptto do so is madehere. The scopeof this assessmentis
generalenoughthat this is not a problem—inshoreresourcesaretreatedherein only
generalterms.Still, thereview paidmoreattentionto certaintypesof inshoreresources
thanothers.Reef-associatedfinfish andinvertebratesweretreatedasthefocus.Other
resources,includingseaturtles,seaweeds,andnearshorepelagicfinfish suchasSelar
crumenophthalmusweregivenlessattention,but they werenot ignored—information
aboutthemwasgatheredopportunistically.

2 Historical Demography

Populationhistoriesof Hawai‘i andAmericanSamoaareimportantbackgroundinfor-
mationfor an investigationof changingpatternsof fisheryresourceexploitationover
time because,absentexports,demandfor fish, shellfish,and turtle is local andpre-
sumablyrelatedto populationsize. Theprehistoricperiodsof Hawai‘i andAmerican
Samoaweremuchlongerthantheperiodscharacterizedby historicalrecordsandsothe
useof archaeologicalinformationis indispensablefor determiningthe timing of first
settlementby Polynesiansandfor chartingchangesin populationover thetime during
whichhistoricalrecordswerenotkept.Theintroductionof historyto theislandsin the
eighteenthcenturydid not immediatelyimprovethehistoricaldemographicrecordand
it introduceddiseasesto which theHawaiiansandSamoanshadlittle or no immunity
(e.g.Bushnell1993b),leadingto populationdeclinesin bothgroups.

The following sectionsreview and assessthe methodsof historical demography
as it is practicedby archaeologistsandhistorians,review andsummarizethe biblio-
graphicresources,andassessthepotentialof historicaldemographicdatato estimate
populationhistoriesusefulfor aninvestigationof fisheryresourceuse.

2.1 Review and Assessmentof Methods

Although historiansoccasionallymake useof archaeologicaldatato investigatepop-
ulationhistory, thedatasetsmostoftenusedby archaeologistsandhistoriansaredif-
ferentfrom oneanother. This sectionfirst reviews thearchaeologist’smethods,which
becauseof the fragmentarynatureof the archaeologicalrecordare somewhat more
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complex anddifficult than thoseof the historian. The historian’s methodsaredealt
with briefly in thesecondpartof thesection.

2.1.1 Ar chaeologicalMethods

Archaeologicaldataareusefulto thehistoricaldemographerwho wishesto determine
the datean islandgroupwasfirst settledandevaluatedata,usually fragmentaryand
oftenoblique,onpopulationchange.

Archaeologicaldataassociatedwith thefirst humansettlementof Oceanicislands
aresurprisinglydifficult to find. Early populationsof settlerswereundoubtedlysmall
andthe remainsof their settlementspotentiallydisturbedby every subsequenttradi-
tional andhistoricaldevelopment(GravesandAddison1995). In AmericanSamoa,
the searchfor early sitesis aidedby the distinctive, dentate-stampedLapita pottery
producedby thefirst settlersof theregion,whichmakesearlysiteshighly visibleto the
archaeologist(Bellwood1979;Davidson1979;Kirch 2000). Investigationof pottery-
bearingsitesin AmericanSamoais easedsomewhatby largebodyof resultsonsimilar
sitesin theneighboringislandgroupsof WesternSamoa,Fiji, andTonga,which pro-
videcontext for theirdatingandinterpretation.In Hawai‘i, oneof thelastislandgroups
to be settledby Polynesians,at a time whenpotteryproductionhadbeenabandoned
by Polynesiansor wasin the last throesof a protracteddeclinein WesternPolynesia,
thereis nousefulartifactualindicatorof earlysitesandthesearchtherehasprovedvery
difficult. Lackof anartifactualindicatorof earlysettlementmeansthatrelatively great
stockhasto beplacedon y�z C dating,a techniquethathasproveddifficult for Hawaiian
archaeologiststo graspfully (Davidson1992).A persistentproblemhasbeenHawaiian
archaeologists’failure to control for the “old woodproblem” (Taylor 1987;Bowman
1990)whichcanaddasmuchas1,000yearsto thedatedageof anarchaeologicalevent
in Hawai‘i (Dye2000).A differentarchaeologicalapproachto determiningthedateof
first settlementdoesnotrely onthediscoveryandinterpretationof archaeologicalsites,
but insteadusesdatedpaleoecologicalevidencefor thetypesof environmentalchanges
associatedwith initial humansettlementonapristineoceanicisland(Kirch andEllison
1994).Thisapproachhasdetractors,whopoint to thedifficulty in many circumstances
of distinguishingnaturalenvironmentalchangesfrom thosecausedby man,opening
thepossibilityof assigninga tooold dateto first settlement(Anderson1994).

Archaeologistshave developedseveralapproachesto estimatingcharacteristicsof
prehistoricpopulations(Schacht1981;Hassan1981),threeof which—thesitecensus,
life-table,and y%z C dateproxyapproaches—havebeenappliedto Pacific islands.

Thefirst, andmostwidely used,is thesitecensusapproach,which caneitheresti-
matethedirectionandrateof populationchangeor theabsolutepopulationat a given
point in time. In practice,the methodinvolvestakinga censusof datedarchitectural
units. Populationchangeover time canbeinferreddirectly from changesin thenum-
ber or aggregatesize of the censusedarchitecturalunits andan absolutepopulation
estimatecanbe derived if an assumptionis madeaboutthe numberof peoplerepre-
sentedby eachof theunits.Thesimplicity of thisapproachis somewhatdeceptiveand
its applicationoftenfounderson thereliability with which thedurationof occupation
for eachof thearchitecturalunitscanbeestablished(Schacht1984).Ideally, datesfor
constructionandabandonmentof eacharchaeologicalunit in thecensuswould bede-
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terminedthrougharchaeologicalinvestigation,enablingadeterminationof thenumber
or aggregatesizeof unitsinhabitedin agivenyear. In practice,however, archaeological
datingmethodsandtheirapplicationsarerathercrudeandit is usuallynotpossibleus-
ing y%z C datingor artifactstylesto representtime in intervalsshorterthana century. If,
giventhis limitation, thepopulationof aregionis estimatedby century, thenaproblem
potentiallyarisesif theaverageoccupationspanof thearchitecturalunit in thecensusis
differentthanacentury. If, for example,theaverageoccupationspanof anarchitectural
unit in aregionis 50years,thenpopulationestimatesfor eachcenturywill betwice the
actualregionalpopulationbecauseat any onetimeabouthalf of thearchitecturalunits
wouldhavebeenabandoned.Schacht(1984)hasworkedouta sophisticatedstatistical
modelof settlementgrowth thatamelioratesthis type of problemin situationswhere
thechronologicalperiodsoverwhichasettlementwasoccupiedandtheperiodof max-
imum populationcanbe reliably determined.This approachis potentiallyapplicable
to AmericanSamoawheresitescanbeassignedto broadperiodsbasedon thetypeof
potterypresentat the site or its absence.In Hawai‘i, wherearchaeologistshave not
beenableto find a widely distributedartifact type thatcanbeusedasa chronological
indicator, theapproachis not applicable,andanalternateapproachbasedon accurate
estimationof theconstructionandabandonmentdatesof architecturalunitswould be
required.

Although archaeologistshave for many yearscollectedestimatesof sex andage-
at-deathfor skeletons,this information wasn’t usedto estimatepopulationsize and
changeuntil thelate1960s,whenlife-tablesdevelopedby statisticiansin theinsurance
industrywerefirst appliedto the studyof skeletalcollections(SaundersandKatzen-
berg 1992;Katzenberg andSaunders2000). Investigatorsrealizedthat thesizeof the
populationthatcontributedskeletonsto a cemeterycouldbeestimatedif theduration
of thecemeterycouldbeknown andtheskeletonsin thecemeterywereacompleterep-
resentationof thedeceasedmembersof a community(Ubelaker 1989:135ff.). As the
brief discussionof archaeologicaldatingearlierindicates,thefirst conditionis difficult
to meetin practice. However, the secondcondition,having to do with the complete
representationof thedeceasedmembersin thecommunity, hasprovenalmostimpos-
sible to achieve. The goalhereis to achieve anaccurateage-at-deathdistribution for
the populationunderstudy. Thereare two setsof problems,onehaving to do with
theunder-representationof youngindividualsin skeletalcollectionsandtheotherwith
the technicaldifficultiesof determiningage-at-deathof adultskeletons.Environmen-
tal andcultural factorsbiasthe preservationandrecovery of infant andchild skeletal
material,which“representsthemostdemographicallyvariableandsensitiveportionof
thehumanlife cycle,while constitutingthebestestimatorof a population’shealthand
well-being”(Roth1992:177).Many societies,facedwith highratesof infantmortality,
treatdeceasedinfantsandsmall childrendifferently thandeceasedadults,leadingto
an under-representationof young individuals in skeletal collectionsfrom cemeteries
andossuaries.This problemis exacerbatedby smallbonesizeandincompleteossifi-
cation,bothof which encouragedecayin thegroundandmilitate againstrecovery by
archaeologists.The secondproblem,determiningage-at-deathof adults,hasproven
extremelystubborn,especiallyfor individualsover theageof 50 (Jackes1992,2000).
Themargin of error for this typeof estimate,evenwith themostmoderntechniques,
makesthelife-tableapproachproblematic.Evenif it werepossibleto determineaccu-
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ratelytheage-at-deathof skeletons,thenext stepof paleodemographicanalysiswould
beto estimateage-specificmortality rates,which involvesanassumptionthatthepop-
ulationis stationary, i.e. closedto migrationandwith anintrinsic rateof growth equal
to zero(Milner et al. 2000:479ff.). Thus,themethodrequiresoneto assumefrom the
beginninga rateof populationchange,whenthis is oneof the mostimportantthings
wewould like to learn.Milner et al. (2000:483)opinethat“it maybetime to abandon
life-table methodson the groundsthat they arenot well suitedto paleodemographic
data.” New approacheswill requireconstructionof a probability distribution for the
ageof eachskeletonbasedonits observedtraits(Milner etal. 2000:485ff.), something
thathasn’t beendonefor Hawai‘i.

The y%z C dateproxymethodwasdevelopedby Rick (1987).It differsfrom theother
methodsby using y%z C datesasprimarydataratherthanasa meansto assignanageto
someother classof archaeologicalremains. The conceptualbasisof the methodis
summarizedby theassertionthat

if archaeologistsrecoveredanddateda random,known percentageof the
carbonfrom a perfectlypreserved carbondepositto which eachperson-
yearof occupationcontributedan equalandknown amount,they could
estimatethenumberof peoplewho inhabiteda region duringa givenpe-
riod (Rick 1987:56).

In practice,a histogramof y%z C datesis constructedby oneof severalmethods(see
Stolketal. 1994;DyeandKomori1992a)andtheshapeof thehistogramis interpreted
asreflectingapopulationgrowth curve.

Rick specifiesthreeassumptionsthatmusthold for a histogramof y�z C agedeter-
minationsto modelchangesin population:

1. the y�z C agedeterminationsampleis representative of theextantarchaeological
carbondeposit;

2. theextantarchaeologicalcarbondepositis representative of theoriginal carbon
deposit;and

3. the amountof carbonaddedto the original depositper capita per unit time is
constantover theperiodof interest.

Deviationsfrom theseassumptionsareknown asinvestigationbiases,preservationbi-
ases,andcreationbiases,respectively.

In mostcircumstancesit is not possibleto know eithertheannualper capitacon-
tribution of charcoalto thedepositor thepercentageof the depositcomprisedby the
sample.In thesecases,themethodyieldsestimatesof theratesanddirectionsof pop-
ulation changebut cannotyield estimatesof populationsize. However, in situations
wherethe the periodcoveredby the y�z C datesincludesa yearwherethe population
sizeis known, thenthe per capitacontribution to the samplefor that yearcanbe de-
rived. This figurecanthenbeusedto derive absolutepopulationsizesfor otheryears
coveredby thehistogram,assumingthatcreationbiasesarenot strong.
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2.1.2 Historical Methods

Historicaldemographersusea wide varietyof datasourcesto studycharacteristicsof
pastpopulations.Primarysourcesfrom censusesandvital statisticsareoftensupple-
mentedby variousrecords,observations,anddocuments.Sourcesof historicaldemo-
graphicdatawerelistedby Hollingsworth (1969:43–44)in their approximateorderof
usefulness:

1. censuses,especiallyif givenby nameandage

2. vital registrationdata

3. Bills of Mortality

4. ecclesiasticalrecords,suchasparishregistersandcommunicants’lists

5. fiscaldocuments

6. military records

7. inventoriesof property

8. genealogies

9. wills

10. marriagesettlements

11. eye-witnessestimates

12. prices,over thelong term

13. numberandextentof towns

14. archaeologicalremains

15. methodsof agriculturaleconomy

16. ecclesiasticalandadministrativegeography

17. new buildings

18. colonizationof new land

19. cemeterydata,bothfrom skeletonsandtombstoneinscriptions

The list makesclear that most typesof dataaremoreuseful thanthoseprovided by
archaeologistsandusedby paleodemographers.Becausemany of thesetypesof data
providedirect informationon populationsizeandotherparameters,muchof thework
of historicaldemographyinvolvesevaluatingtheaccuracy of sources,ratherthanusing
thesourcesasabasisfrom which to infer populationcharacteristics.
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2.2 Summary of Bibliographic Sources

The time of first humansettlementof Hawai‘i is a matterof debateamongarchaeol-
ogists. Argumentsfor a “long” chronologywith settlementprior to A.D. 600(Kirch
1974,1985;HuntandHolsen1991)arecounteredby argumentsfrom thesamedatafor
a “short” chronologywith settlementaroundA.D. 900 (SpriggsandAnderson1993;
Tuggle1997). Onereasonfor the relatively greatdifferencesin archaeologists’esti-
matesis the failure to control for thedatingof “old wood” (Dye 2000). For a variety
of reasons,the“short” chronologyappearsto bebestsupportedby theavailabledata.

Four applicationsof the site censusapproachhave beenattemptedin Hawai‘i.
Cordy (1981) reconstructedabsolutepopulationfigures for eight land units on the
dry, lava-coveredleeward coastof Hawai‘i Islandby countingthe numberof sleep-
ing housesper landunit, estimatingtheir durationof useby datingpiecesof volcanic
glassfound within them,andassigningsix personsto a house. Rob Hommonused
informationon the durationof occupationat 51 volcanic-glass-datedhabitationsites
in leeward Hawai‘i (Hommon1976)and655archaeologicalfeatureson Kaho‘olawe
Island(Hommon1980)to estimatechangesin sitepopulationfor thoseregions.Hedid
not attemptto estimatenumbersof peopleandwascarefulto point out thatsitepopu-
lationgrowth rateswould reflect,but notnecessarilyequal,ratesof populationgrowth.
Hommon’s work wasfollowed by Kirch (1984:104ff.), who augmentedthe leeward
Hawai‘i Islandsamplewith informationfrom 62 othersites,mostof themdatedwith
thevolcanicglasshydrationmethod.Datafrom leewardHawai‘i andKaho‘olaweboth
yieldedsigmoidalgrowth curves,with sitepopulationsreachingamaximumin thesix-
teenthor seventeenthcenturiesA .D. andeitherremainingstaticor decliningthereafter.

Applicationsof thesitecensusapproachin Hawai‘i werecriticized.Cordy(1984:23)
pointedout thatdurationof occupationis reliably estimatedfor relatively few habita-
tion sites(seepg.7). Clark (1988)summarizedseveralpotentialsourcesof uncertainty
in thesitecensusapproachasit wasappliedin Hawai‘i. They include:

• theuseof volcanicglassfor datingat many sites,a datingtechniquethatis now
discredited(Olson1983);

• indiscriminatecensusof temporaryandpermanenthabitations;

• variationsin householdsize;

• spatialandtemporalbiasesderiving from thesmall sizeof thedatedsampleof
habitationsites;and

• useof volcanicglassagedeterminationstandarddeviationsto estimateoccupa-
tion spans.

Heconcludedthat“detailedregionalmodelsof populationsizeandgrowth areprema-
ture,” but that“the growth in populationcanbedepictedby a modifiedlogistic curve”
(Clark1988:29).

Thelife-tableapproachwascarriedoutby Kirch (1984),whoconstructedlife tables
for skeletalpopulationsexcavatedatPu‘uAli‘i, Hawai‘i IslandandMōkapu,O‘ahuIs-
land. Although the Mōkapusite hasnot beendated,Kirch suspectedthat sincethe
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windwardcoastwasa locusfor earlysettlement,the“M ōkapuseriescouldbeof some
antiquity” (Kirch 1984:113). The Pu‘u Ali‘i serieswas more confidentlydatedto
the last two centuriesbeforeEuropeancontact. The life tablesfor thesepopulations
showed that survivorship( {}| ) waslower at Pu‘u Ali‘i thanat Mōkapu,andthat child
andinfantmortality ( ~�| ) washigherat Pu‘u Ali‘i thanat Mōkapu.Kirch foundthese
data“tantalizing in their suggestionthat . . . [Hawaiian] populationswereresponding
to certaindensity-dependenteffects” (Kirch 1984:115–116)andfoundin themsupport
for thesigmoidalpopulationcurvesconstructedfor LeewardHawai‘i andKaho‘olawe.

The paleodemographicdatacited by Kirch (1984), with the additionof a series
from Keōpū, Hawai‘i Island,werelateranalyzedby SuttonandMolloy (1989).Using
advancesin paleodemographythat recognizethe interdependenceof life tableparam-
eters,their sensitivity to the stablepopulationassumption,andthe effectsof various
parametersof thefrequentunder-representationof infantsin skeletalpopulations,they
show thatadultlife expectanciesatPu‘uAli‘i andMōkapuwerevirtually identical,but
wereexceededat Keōpū. They alsoshow that birth ratesat MōkapuandPu‘u Ali‘i
werenotsignificantlydifferent,but weresubstantiallyhigheratKeōpū. They conclude
thatKirch’s resultsare“an artefactof his methodology”(SuttonandMolloy 1989:32)
andthatthey do not supportthesigmoidalpopulationcurvederivedfrom thesitecen-
susdata.However, they notethat“the implicationsof [the paleoanthropologicaldata]
for populationgrowth cannotbe adequatelyassessed”(SuttonandMolloy 1989:35),
soquestionsabouttheshapeof Hawai‘i’ spre-censalpopulationcurveremainopen.

The y�z C proxyapproachwascarriedoutby DyeandKomori (1992b)usingasam-
ple of 598 y%z C agedeterminationsfrom Hawai‘i. The y%z C agedeterminationswere
selectedfrom archaeologicalcontexts associatedwith householdactivities, underthe
assumptionthat cooking,lighting, andotherroutinedaily choreswereunlikely to be
subjectto creationbiases.The y�z C agedeterminationhistogram1 spannedthe period
A .D.1–1832,with theyearfor therecentendof thehistogramchosento coincidewith
the first censusof Hawai‘i by missionaries(Schmitt 1973). The height of the his-
togramfor 1832wassetto the populationenumeratedby themissionaries,thuscali-
bratingthehistogramsothatit yieldedestimatesof theabsolutesizeof thepopulation
backthroughthetraditionalHawaiianperiod.Subsequently, Dye (1994)comparedthe
populationcurve to indicesof agriculturalgrowth andreligioustempleconstruction,
findingsupportin thecomparisonfor theshapeof thepopulationcurve.

Thepopulationof Hawai‘i in 1778,whenCook’s officersmadethefirst published
estimates,is a matterof debate. Cook’s officers themselveshad varying estimates,
leaving the door openfor modernwriters to improve uponthemwith estimatesthat
rangefrom 100,000to 1,000,000(seeSchmitt1968,1971;Stannard1989).Arguments
againstestimatesat theupperendof this range,in particulartheestimatesof Stannard
(1989),havebeenmadeby Bushnell(1993a)andDyeandKomori (1992b).

Therewereno new populationestimatesfor theperiod1779–1822,save for anall
islandfigure attributed to a carpenterwho had lived in the islandsin the first years
of the nineteenthcentury(Schmitt 1968:23,24). Several estimatesfrom the 1820s
agreewell with oneanother(Schmitt1968:24,25). Thefirst attemptat acensusof the

1The �G� C agedeterminationhistogramis calledan“annualfrequency distribution” by Dye andKomori
(1992b).
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islandswascompletedby missionariesin 1831–1832,yielding theearliestdependable
dataon Hawaiian demography(Schmitt1973:iv). This wasfollowed by anotherall-
islandcensusin 1835–1836andpartial censusesin 1840,1846,and1847,the latter
threecarriedout by eitherthe missionaries,the government,or the missionariesand
thegovernment(Schmitt1973:3).

TheHawaiiangovernmentcensusof 1850,whichincludedanaccurateenumeration
of the inhabitedislands,with informationon age,sex, andnationality, is a “statistical
landmark”(Schmitt1968).Official censusesweretakenin 1853,1856,1860andthen
every six yearsuntil 1896. In 1900, the United StatesCensusOffice took over the
Hawaii censusandhascompletedanenumerationof theislandseverydecadesince.

This rich demographicrecordfor Hawai‘i is ably summarized,reviewed,andana-
lyzedby Schmitt(1968),GardnerandNordyke(1974),andNordyke(1989).

The earliest y%z C date associatedwith humanactivity in American Samoawas
collectedfrom the To‘agasite on Ofu Islandof the Manu‘a group(Kirch andHunt
1993:91). This samplewasassociatedwith thin, fine-temperedpotterysherds,some
of which weredecoratedwith notcheson their rims. AlthoughtheTo‘agasitedid not
yield dentate-stampedLapita pottery, of the type producedby the first settlersof the
region, theearlyTo‘agadateis comparableto thecalibratedagerangeof a sampleof
marineshellfrom thesubmergedLapitasiteatMulif anuaon ‘Upolu Island(Leachand
Green1989),theoldestknown archaeologicalsitein Samoa.

Archaeologistsin Samoahave not attempteda detailedestimateof theprehistoric
population.Basedonthedensityof surfaceremainssurveyedin WesternSamoa,Green
andDavidson(1974:281–282)opinedthat the pre-Contactpopulationwas twice the
size of the populationin the 1840s. An unpublishedestimateputs the figure even
higher(Kirch 2000:312,note21).

AlthoughSamoawassightedby theexplorersRoggeveenin 1722andBougainville
in 1768,the first Europeansto ventureashoresailedwith Lapérousein 1787(Gilson
1970). Twelve of themlost their livesthere,andthe islandsquickly cameto have a
poor reputationamongEuropeanseamen,who passedSamoaby in favor of Tahiti,
New Zealand,andHawai‘i. Consequently, little waswritten aboutSamoauntil mis-
sionariessettledtherein 1830. The first populationestimatefor Samoa,for the year
1839,wasreportedby theUnitedStatesExploringExpedition(Wilkes1845). A sec-
ondestimatemadeby a visitor in 1849wasfollowed, in 1853,by a censustaken by
missionaries,“which is probablythefirst realisticestimateof population,althoughnot
necessarilycompletelyaccurate”(McArthur 1968:114). The missionariescompiled
censusesagainin 1863and1874andtheBritish Consulateproducedestimatesof pop-
ulation in 1879, 1887,and 1899. After the Treatyof Berlin, which divided Samoa
betweenGermany andthe United States,the commandantsof Naval Station,Tutuila
enumeratedthepopulationof AmericanSamoain 1900,andat variousintervalsuntil
1920(McArthur 1968:141). Since1920,AmericanSamoahasbeenincludedin the
decennialcensusof theUnitedStates.

2.3 The Potential for Historical Demography

Hawai‘i hasarich anddetailedrecordof demographichistory. A varietyof archaeolog-
ical methods,althoughall rathercrude,yield broadlysimilar results,andtheoutlines
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of populationchangein pre-ContactHawai‘i arenow reasonablywell established.The
absolutesizeof the Hawaiian populationat the time of Cook in 1778is a matterof
debate,but thesubsequentcalamitousdeclineof populationis not. A reasonablyaccu-
ratecensusof theislandswascompletedrelatively earlyin thehistoricperiodin 1836,
andthis wasfollowedup by increasinglyaccurateefforts at shortintervals,yielding a
populationrecordof theearlyhistoricperiodmatchedby few, if any, islandgroupsin
thePacific. TheHawaiiangovernmentproducedgoodcensusinformationfor the last
half of thenineteenthcentury, afterwhich time theHawaiianIslandswereincludedin
thedecennialUnitedStatescensus.

The recordfor AmericanSamoais not nearly so rich and detailed. Archaeolo-
gistshave not attemptedto estimatepopulationchangesover the pre-Contactperiod,
and it is unlikely that this could be achieved given the relatively sparseinventoryof
well-investigatedarchaeologicalsitesthere. Thereis an unpublishedestimateof the
populationsizeat thetimeof contactwith Europeans,but thefirst censusof American
Samoa,of questionableaccuracy, wasnot madeuntil 1853,morethana centurylater.
Thereafter, censusesweremadeapproximatelyevery tenyears,with increasingaccu-
racy. Thus,for mostof Samoanhistory, thereis no demographicinformationandonly
scantmaterialsthatmightbeusedto developademographichistory.

3 Patterns of Fishery ResourceExploitation

This sectionreviews the methodsandmaterialsfor estimatingthe patternsof fishery
resourcesexploited by historical populationsin the Hawaiian IslandsandAmerican
Samoa,with anemphasisoncoralreeffishesandinvertebrates,andturtles.

3.1 Ar chaeologicaland Historical Methods

Themethodsusedby archaeologistsandhistoriansto establishpatternsof fisheryre-
sourceexploitationdiffer considerably, basedasthey areon completelydisparatesets
of data. The archaeologistworks with the discardedremainsof fish, shellfish,and
turtlesthat have beenrecoveredfrom archaeologicalsites. Theseareidentified,with
referenceto comparativefishbonecollectionsandstandardreferenceworks.Theiden-
tified bonesarethenquantifiedandtheresultingnumbersusedto estimatetherelative
abundancesof the different kinds of animals. Historianswork with records,docu-
ments,andobservationsthatprovideinformation,moreor lessdirectly, on theconduct
andresultsof inshorefishing.Thedatatakeavarietyof forms,mostlyfragmentaryand
incomplete,andthe historian’s taskis to identify, interpret,andsynthesizethe useful
informationsothatit yieldsacoherentaccountof whathappenedin thepast.

3.1.1 Ar chaeologicalMethods

Thearchaeologicalmethodsusefulfor estimatingpatternsof fisheryresourceexploita-
tion involve deriving estimatesof the relative abundanceof taxa from the identified
bonesandshellsrecoveredfrom archaeologicalsitesanddeterminingwhethertheiden-
tified remainsreflectthefull diversityof theprehistoriccatch.As it turnsout,estimat-
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ing the relative abundanceof taxafrom archaeologicalremainsis often difficult and
is intimately tied to the units usedto quantify the remains. This is an issuethat has
generateda large, often contentiousliteraturebut no reportingstandards,thuscom-
plicatingandoftencompromisingefforts to summarizeandsynthesizepublisheddata.
Investigationsinto thediversityof theprehistoriccatchareoftensubsumedunderthe
heading“niche breadth.” They areimportantfor determiningthe influenceof sizeon
therichnessandevennessof a sample.Thegoalhereis to know how largea sampleis
neededto estimatethediversityof thecatchfrom which it derived.

At theoutset,it shouldbenotedthatremainsrecoveredfrom anarchaeologicalsite
areseveral stepsremoved from the catch,andthat at eachstepof the way potential
biasesareintroducedthat complicatethe inferencethat the abundanceof taxain the
archaeologicalcollectionactuallyreflecttheabundanceof taxain thecatch.A useful
wayto look atthis,setoutbyKlein andCruz-Uribe(1984:3)considersthevariouspop-
ulations,or assemblages,of which anarchaeologicalcollectionmight beconsidereda
sample:

Life assemblageThecommunityof liveanimalsin their naturalproportions;

DeathassemblageTheanimalsthatareavailablefor deposition;

DepositedassemblageTheanimalsor portionsof animalsthatcometo restat asite;

FossilassemblageTheanimalpartsthatsurvivein asiteuntil excavationorcollection;
and

SampleassemblageThepartof thefossil assemblagethatis collectedby thearchae-
ologist.

Here, the catchis called the deathassemblageand it is easyto seethat the archae-
ological collection, or sampleassemblage,is usually only a partial reflectionof the
catch,separatedfrom it by thevagariesof humandepositionpractices,thebreakdown
of faunalremainsin the archaeologicalsiteover time, andtherecovery efforts of the
archaeologist.

Therearea hostof methodsby which faunalremains—themarineshellsandfish
and turtle bonesfrom archaeologicalsites—canbe quantifiedand a large literature
thatsummarizesthemethods(seeKlein andCruz-Uribe1984;ReitzandWing 1999;
Ringrose1993). One review of zooarchaeologycounted122 uniquedefinitionsfor
quantificationmethods(Lyman 1994). Most commonlyusedin the Pacific are the
numberof identifiedspecimens,oftenabbreviatedNISP,theminimumnumberof in- NISP

dividual,or MNI, andweight.Eachof thesecanbeusedto estimaterelativeabundance MNI

of taxa in the sampleassemblage with varying degreesof reliability and difficulty.
Noneof thesemeasuresdirectly estimatestherelative abundanceof taxain thefossil,
deposited,death,or life assemblage.2 The following discussionattemptsto point out
thestrengthsandweaknessesof eachmeasureasanestimatorof therelativeabundance
of taxain thesampleassemblage.

2A statisticknown as the Lincoln Index, applied to pairedelements,yields estimatesof the relative
abundanceof taxain thedeathassemblage(Ringrose1993:128ff.), but to our knowledgethis hasnot been
appliedto Pacificarchaeologicalremains.
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Themeasurewith themostintuitiveattractionis MNI, whichestimatesthesmallest
numberof individual animalsin thecatchthatcouldhave producedall theremainsin
an archaeologicalcollection. Relative abundancescalculatedwith MNI areusedby
Pacificarchaeologists“to convey whatthecatchwould have lookedlike whenlaid out
on a mataftera fishingtrip” (Leach1997:6),a characterizationthatplaysup thecon-
ceptualappealof countingindividual animals,but ignoresthefact thatMNI estimates
characteristicsof the sampleassemblageandnot the deathassemblage.MNI canbe
calculatedfrom individualelements,for exampletheumboof a gastropod,pairedele-
ments,suchasthedentaryof afish,or multipleelementswheretheelementscannotbe
told apart,suchasvertebrae.The measureis straightforwardwhenit usesindividual
elements,but becomescomplicatedwhenpairedor multipleelementsareused,asthey
typically arewhencalculatingtheMNI of fish, turtles,or bivalves.Theproblemhere
is that MNI estimatescalculatedon pairedor multiple elementsarenot additive; for
a giventaxon,thesumof MNI from sub-unitsof a collectionunit, e.g.the individual
1 m� excavationunitsof a 20 m� excavationblock, will generallybegreaterthanthe
MNI calculatedfor theunit becausepairedor multipleelementsof anindividualanimal
arecountedseparatelyif they arecollectedfrom differentsub-units.Thischaracteristic
of MNI is discussedat lengthby Grayson(1984),who refersto it asthe aggregation
effect. In practicalterms,a literaturesourcemust report the MNI of taxa identified
by pairedor multiple elementsfor the unit of interestif the dataare to be usedfor
comparison.MNI areknown to over-estimateraretaxa,over-estimatetaxawith many
identifiablepartsin highly fragmentedcollections,andunder-estimatethesesametaxa
in collectionswith little fragmentation(O’Connor2001:706).MNI estimatesaresen-
sitive to stochasticfactorsandin this way aremuchlessrobust thanestimatesmade
with NISP.

Lessintuitively attractive is the NISP measure,which, in practice,countsevery
identifiableelementandelementfragment.3 Taxawith a largenumberof identifiable
elements—agoodexample,commonin Pacific faunalcollections,is the spiny puffer
of thefamily Diodontidae,eachindividualof which hasapproximately500distinctive
dermalspines(Leach1997:11)—willyield high NISPvaluescomparedto taxawith a
smallnumberof identifiableelements.A correctionfor this dividestheNISPfor each
taxonby thenumberof identifiable,or identified,elementsof thetaxon,althoughthis
is rarely accomplishedin the Pacific. Also, taxawith identifiableelementsthat frag-
menteasilyarelikely to beover-representedrelative to taxawith sturdieridentifiable
elementsin collectionswith a high frequency of fragmentaryremains.This is espe-
cially problematicwith collectionsof invertebrateremains,wheretiny fragmentsare
ofteneasyto identify. Despitethesepotentialproblems,many investigatorsfind NISP
a usefulmeasureof relative taxonomicabundance.In ananalysisof fish remainsfrom
the Cook Islands,Nagaoka(1994) found that MNI andNISP valuesfor eachtaxon
variedin a predictablefashion,indicatingthat they carriedsimilar informationon rel-
ative abundances.Thus,giventherelative easeof obtainingNISPestimatesandtheir
mathematicalmanipulability, they appearto besuperiorto MNI for mostpurposes.

Use of sampleweights to estimaterelative abundanceof taxa is relatively rare
amongarchaeologists(ReitzandWing 1999:191),primarily becausetheweightof an

3An alternative designationfor NISPis total numberof fragments,or TNF.
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animal’s remainsvarieswidely amongtaxa.A correctionfor thisvariability multiplies
theweightof identifiedremainsby avaluefor eachtaxonthatdescribestherelationship
of meatweight to theweight of inedibleremainsthatmight bedepositedin archaeo-
logical sites. Correctedin this way, boneweightsprovide estimatesof the relative
weightof meatcontributedby eachtaxonto thesampleassemblage.A problemwith
this procedureis that,for many taxa,themeatweightratio is not constantover thelife
spanof theanimal(Casteel1978),a fact thatmight or might not introducesignificant
errorsinto ananalysis.In practice,weightsareoftenusedto quantifyshellfishremains,
wherethey provide “a simpleandquite effective methodfor establishingthe relative
economicimportanceof differentshellfishtaxa” (Leach1997:8),but only rarely for
vertebrateremains,wheretheuseof MNI andespeciallyNISParemorecommon.

3.1.2 Historical Methods

Fisheryresourceexploitation patternscan be broken into two components:the at-
tributesof thefishingactivities;andtheattributesof thecatch.

Potentiallyinterestingattributesof fishingactivities includethenumberof people
fishing(calledhere“participation”), thetypesof fishinggearsandmethodsemployed,
andtheamountof fishingeffort exerted.Fishingeffort is typically expressedin terms fishingeffort

of thenumberof people,vessels,or fishinggearsthatareactiveperunit of time. When
expressedon a per-unit-areabasis,fishing effort is sometimescalled “fishing effort
density.” Otherattributesincludewho fishesandwhereandwhenfishing occurs. In
this report,all theseattributesof fishingactivities aresometimesgenerallyreferredto
as“effort.”

Potentially interestingattributesof the catchinclude the numberor weight of a
given resourcethat is harvested,produced,landed,or killed per unit of time. When
expressedon a per-unit-areabasis,catchis called“yield.” Like effort, therearemany
waysto characterizeandcategorizethecatch,suchasbyperiod,area,habitattype,taxa,
fishing method,motivation (e.g., commercial,recreational,subsistence),disposition
(e.g.,consumedlocally, exported,discarded),productform (e.g.,live, frozen,dried),
andthesizes,ages,andsexesof thefish. For thepurposesof this assessment,two of
the moreimportantcharacteristicsof the catchareits speciescomposition,andfor a
given species,its sizecomposition. In this report,all theseattributesaresometimes
generallyreferredto as“catch.”

Thefisheryresourceexploitationattributesidentifiedabovecanbeinferredfrom a
numberof typesof sources,including:

1. directquantitativemeasurementsof theattributes;

2. directbut only qualitativeor anecdotalobservationsof theattributes;and

3. circumstantialinformation.

Theapproachesthatcanbeusedwith eachof theseinformationtypesarebriefly dis-
cussedbelow.
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Dir ectQuantitati veMeasurements A directquantitativecensusof all fishingeffort
or all catchduringa giventime periodin a givenareacouldyield highly preciseand
accurateestimatesof thoseattributes.If theestimateswerebasedonsampledata(e.g.,
from a creelsurvey) ratherthancensusdata(e.g., from market data),they would be
somewhatlessprecise.

Although this is the mostvaluabletype of data,it is generallyrare. Even where
detailedand reliable sampleor censusdataare available, they often compriseonly
smallsubsetsof themeasureof interest,oftenfor relativelybrief timeperiodsandsmall
areas.In Hawai‘i, for example,commercialinshorelandingshavebeensystematically
censusedfor morethan50 years,but informationon non-commercialfishinghasbeen
generallylimited to theresultsof short-termsample-basedsurveys in specificareas.

Dir ect Qualitati ve or Anecdotal Observations Dataof a descriptive andanecdo-
tal naturearerelatively common.Theearlyyearsof thehistoric recordin thePacific
Islands,which aredominatedby theobservationsof short-termvisitors from Europe,
containnothingbut dataof this type. Laterwriters,in the1800s,includingmissionar-
ies,colonialadministrators,visiting researchers,andlocal residents,left moredetailed
documentationof fishingpractices,but again,little of it wasquantitative.

Short-termobservationsandinvestigationsoften yield documentationof typesof
fishingmethodsandtypesof exploitedresources,but withoutany indicationof absolute
measuresof effort or catchor evenof the relative importanceof variousmethodsand
species.Whereinformationis providedaboutthe latter—that is, the compositionof
effort by methodandthecompositionof thecatchby species,the informationcanbe
misinterpretedin two ways. First, in thecaseof observationsby outsiders,theremay
beabiastowarddocumentingthemoreexotic, exciting, andconspicuousmethodsand
species,attheexpenseof morefamiliar, boring,andhiddenones.Thisis especiallytrue
of incidentalobservations—thatis, recordsmadeby observerswhodid notspecifically
setout to examinethoseattributesof fishingactivities.

Second,whetherrecordedby outsidersor local people,it is difficult to distinguish
betweenculturalimportanceandeconomicimportance.Or moreprecisely, it isdifficult
to distinguishbetweenvalueandvolume.LeachandDavidson(1988),for example,ex-
aminedtheimportanceof therainbow runner(Elagatisbipinnulata) ontwo Polynesian
outlier atolls in Micronesia,anddeterminedthatalthoughthespecieshadgreatsocio-
culturalimportance,asevidencedin folklore andsong,its contributionto thedietof the
atolls’ populationswasrelatively small (seeDalzell 1998). Similarly, pelagicfishing,
andskipjack tuna(Katsuwonuspelamis) in particular, hasoften beenemphasizedas
beingespeciallyimportantin Hawaiianculture.Newman,however, arguedthat

[i]t is a spectaculartechniqueandthis might have caughttheattentionof
theearlyobservers,who foundit romantic,but in termsof consistentfood
supply it is a reasonableconclusionthat inshorewas the primary area,
followedby thebenthic(Newman1970:56,57).

Cir cumstantialMeasures Formany areasandtimeperiods,directinformationabout
the exploitation attributesof interest,whetherquantitative or not, is lacking. That
leavescircumstantialinformation,of which therearemany types. Describedin the
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paragraphsthat follow are someof the indirect information typesthat are likely to
bethemostavailableandusefulwith respectto examininginshorefisheryexploitation
patternsin Hawai‘i andAmericanSamoaduringthehistoricalperiod.Eachof thesein-
formationtypesis treatedhereasa“f actor”or suiteof factors,in thesensethatthey can
beusedto explain or infer certaincharacteristicsof fisheryexploitationpatterns.Note
thatthesefactorsarealsopotentiallyusefulfor makinginferencesaboutthecharacter-
istics andconditionof inshoreresources,a topic addressedin Section5. In general,
themoreof thesefactorsthatcanbeaccountedfor, themorepowerful theexplanatory
model will be. Thesefactorsare roughly equivalent to what Jacksonet al. termed
“historical proxies” (in their case,proxiesfor “ecosystemstructure,” in thecontext of
reviewing long-termhumanimpactson ecosystems):

Historicalproxiesincludedemographic,customs,andcommercialrecords,
as well as explorers’ and naturalists’descriptionsof sights and events
andnauticalchartsmarkingreefs,coastalwetlands,andotherlandmarks
(Jacksonet al. 2001:637).

It is emphasizedthatthedirectionof cause-and-effectamongthesefactorsandbe-
tweenthesefactorsandthemeasuresof interest(i.e.,catchor effort) cangenerallybein
eitherdirection,oftenmakingit difficult to makeinferences.For example,anobserved
declinein the contribution of parrotfishto people’s dietsmight have beencausedby
a declinein theabundanceof parrotfishon thereef. Alternatively, it might have been
causedby anotherfactor, suchasdevelopmentof improvedoffshorefishingtechnolo-
giesor a shift in dietarypreferencetowardothermeatproducts.In thelattercases,the
dietaryshift likely would have beenaccompaniedby an increasein parrotfishabun-
danceon thereef,notadecrease.Armedonly with informationaboutthedietaryshift,
it would beclearthat fewer parrotfishwerebeingcaught,but it would not bepossible
to identify any changesin fishingeffort on parrotfishor in parrotfishabundanceon the
reef.

Fishing Effort and Catch Effort andcatchwere identified above as the main
attributesof interest,but they are includedhereaspotentiallyuseful indirect factors
becauseeachof thetwo canbeusedto make inferencesabouttheother. A few exam-
plesfollow.

Themostimportantrelationshipamongexploitationattributesis thatbetweenfish-
ing effort andthe magnitudeof the catch. Unfortunately, the complex natureof the
relationshipconfoundstheability to useoneto make inferencesabouttheother. Catch
canbeexpectedto increasewith increasingeffort only to acertainpoint,afterwhich it
will decrease(thegeneralrelationshipdescribedhereis for equilibriumconditionsand
doesnotapplyto pulseor short-termsituations).

Characterizationsof fishinggearsandmethodsarenotonly potentiallyusefulmea-
suresin themselves,but they arealsopotentiallyusefulin characterizingthecomposi-
tion of thecatch,sincefishingmethodsareoftenhighly taxa-specific.

The compositionof the catchby taxa reflectsnot just the fishing methodsused,
but also the relative abundanceof the differentspecieson the reef. For example,an
observeddeclinein thecontributionof largecarnivoresto thecatchoveragivenperiod
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couldbeexplainedby eithera shift in fishingstrategies(i.e., speciesselectivity of the
methods)or adeclinein therelativeabundanceof largecarnivoresonthereef.Further,
the lattercase,if supportedby theevidence,couldbereflective of anoverall increase
in fishing effort. This is becausefishing tendsto target the highertrophic levels and
largersizesof fish. In otherwords,fishingeffort canbeexpectedto berelatedto the
speciescompositionof both the catchand the exploited resourcesin the water. For
example,seeButler (1994)andDalzell (1998)for anexampleof sucha differencein
thecompositionof thecatchbetweensitesin prehistoricMelanesiaandPolynesia,and
Adamset al. (1997)regardingthesamegeneraldifferentialpatterntoday.

Justasfishing tendsto target thehighertrophic levels, it tendsto target the larger
fish within a given population,althoughthereare importantexceptions. So like the
compositionof thecatch,thesizestructureof thecatchof particularspeciescanreflect
thelevel of fishingeffort. Thesizestructureof thecatchcanalsobeusedto determine
absolutecharacteristicsof thetargetedpopulationswith respectto fishing,suchasthe
proportionsof thepopulationsbeingremovedperunit time (i.e., theirfishingmortality

fishingmortality
rates).

Human Population Size,Distrib ution, and Diet A promisingapproachin many
situationsfor makinginferencesabouteffort andcatchis to usehumanpopulationsize
asanindicator. Fishingeffort, for example,canbeexpectedto bepositively andfairly
stronglycorrelatedwith humanpopulationsize.Humanpopulationsizeandcatchare
alsostronglyrelated,but the relationshipis morecomplex, sincethe directionof the
correlationbetweeneffort andcatchis not consistentacrossall levels of effort. For
this reason,humanpopulationsizealoneis not a goodindicatorof catchor trendsin
catch.It mustbecombinedwith knowledgeaboutwherethepopulationsize—ormore
specifically, effort—lies relative to the point at which the correlationbetweeneffort
andcatchchangesdirection.

Thecatchof a givenresourcecanbetreatedasbeingequalto theconsumptionof
theresource,whereconsumptionis equalto theproductof humanpopulationsizeand
averagepercapitaconsumption.With estimatesof both thosemeasures,catchcanbe
estimated(e.g.Dalzell et al. 1996:Table25). Estimatesof humanpopulationsizeare
availablein populationcensuses,andfor earlieryears,in anthropologicalstudiesand
even casualobservations. Potentialsourcesof per-capitaconsumptionestimatesin-
cludenutritionalsurveysandothertypesof socioeconomicandanthropologicalstudies
(Dalzell 1998,1991). Naturally, thegreaterthedetailof thedatawith respectto food
producttypes,themoreusefulthey arefor estimatingabsoluteor relativeconsumption
ratesfor particularinshorefisheryproducts.Importantchallengeswith this approach
includethefactthatthecompositionof people’sdietscanbeexpectedto varysubstan-
tially accordingto many variables,including areaandtime—particularlyseasonally.
Titcombwrote that “Hawaiiansoftenbecamefond of thewell-known fish of their re-
gion, fadsdeveloped,whims of the chiefsvaried” (Titcomb1972:31). Naturally, the
compositionof thediet canbeexpectedto vary accordingto distancefrom thecoast.
And in highly stratifiedsocieties,thedietsof differentsocioeconomicclassesmaybe
quitedifferent.Observationsof thediet of kingsmaybepoor indicatorsof thediet of
commoners.
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Exports and Imports Theamountof agivenresourceof interestthatis exported
from the areaof interestis in itself an interestingattribute, and it shouldobviously
betakeninto considerationif a human-population-and-consumptionapproachis used.
Generally, reeffinfishtendnot to betradedverywidely in thePacific Islands,but some
invertebratesare, or have been,so highly valuedabroadthat the amountsexported
havefarexceededtheamountsusedlocally (Adamsetal. 1997).Examplesincludesea
cucumbers(bêche-de-meror trepang)(ClassHolothuroidea),trochusshell (Trochus
niloticus), andpearloysters(Pinctadaspp.).

Whenusinga humanpopulation-and-consumptionapproachit is alsoimportantto
accountfor imports,but this is muchmorecomplex thanaccountingfor exportsbe-
causeit is amatterof determiningtheimportedamountsnotonly of inshoreresources,
but of all food itemsthat substitutefor local inshoreresourcesin the local diet. For
example,in many Pacific Islands,importedfish andmeatproductshave increasingly
replacedlocal reeffish in the diet. Froma practicalstandpoint,it might beeasiestto
treatthis factornot in termsof imports,perse,but ratherin thebroadercontext of the
compositionof thehumandiet,which is addressedfurtherbelow.

Other Fisheries and Food Sources,and Dietary Preferences People’s diets
(andthusfisheryresourceexploitationpatterns)area functionof many factors—allof
which canbe treatedin termsof supplyanddemand.At the mostbasiclevel, diets
area function of the relative availability of different food sources.Peopleliving on
islandswith relatively largeamountsof arableland,suchastherelatively largeislands
of Melanesia,are likely to rely lesson fisheriesresourcesthanpeopleliving on the
smallerislandsof PolynesiaandMicronesia.Dalzelletal. (1996)estimatedtheaverage
annualper-capitaproductionof coastalfisheriesproductsto be 32 kilogramsfor the
MelanesianIslands,comparedto 61 kilogramsand 63 kilogramsfor the islandsof
PolynesiaandMicronesia,respectively.

Following area few examplesof the typesof dietaryshifts that might have been
importantduringthehistoricalperiodin thePacific Islands.Themotivationto exploit
resourcesascost-effectively aspossiblewould generallyfavor inshoreandresources,
especiallyinvertebrates,over offshoreanddeepwaterresources.But asthe moreac-
cessibleresourcesbecamescarcer, exploitationwouldbeexpectedto shift towardwhat
wereformerly themoredifficult-to-catchresources,andevento non-fisheryresources.
For example,Dalzell found that in somePacific Islands: “. . .declinesin molluscre-
sourcesforcedearly humanpopulationsto increaseexploitation of othermarinere-
sources,andto rely increasinglyon agriculture”(Dalzell 1998:247).

The developmentanddeclineof non-inshorefisheriesis obviously linked to the
developmentof new andimprovedfishing technologies,addressedfurther below, but
thefactorsleadingto suchdevelopmentcanbemuchbroader. In Hawai‘i, for example,
the offshorecommercialfishing industrydevelopedthroughthe late 1800sandearly
1900sin concertwith the rapid influx of immigrantsfrom Japanandelsewhere,who
cameto dominatethe industry. The onsetof World War II, however, resultedin the
virtual eliminationof offshoreharvestingoperationsin Hawai‘i (Schug2001). This
abruptdecline,which did not reboundquickly after thewar, musthave hadimportant
effectson theinshorefishery.



22 3 PATTERNSOF FISHERY RESOURCEEXPLOITATION

Impr oved and New Fishing Technologies Fishing technologiesand methods
naturallyevolve with time, evenin highly isolatedsocieties.In caseswherenew ma-
terialsor ideasareintroducedfrom theoutside,changesin technologiesandmethods
canoccur rapidly. Someof the moreconspicuousintroductionsmadein the Pacific
IslandssinceEuropeancontactincludemetal,usedto makehooksandspeartips,syn-
theticfibers,glassandplasticfacemasks,motorizedvessels,scubaandhookahgear,
syntheticpoisons,dynamite,andelectronicdepthsoundersandnavigationdevices.

Aquacultur e The farmingof reeffish productsfor food canbe treatedlike any
alternative food sources.Becausefarmingis costly, thedevelopmentof suchcultured
productionmight reflectthedegreeof scarcityof its wild counterpart.But suchdevel-
opmentcouldalsooccurindependentlyof changesin resourcescarcity, suchasthrough
thedevelopmentof cheaperculturetechnologies.Thecostof culturedproductioncould
alsobeoffsetby a preferencefor culturedproductoverwild product.

In thePacificIslands,aquacultureis mostlydoneto produceespeciallyhigh-valued
export products,suchasgiantclams(Tridacnidae),which, not coincidentally, tendto
be relatively rare on the reef. One importantexampleof aquaculturefor domestic
consumptionis theuseof brackishandsaltwaterfishpondsin Hawai‘i, a practicethat
goesbackat leasta few centuriesbeforeEuropeancontact.

SocialControls Theregulatoryenvironmentis acrucialfactor. Directedresource
management,for example, has a generalaim of manipulatingeffort and catch, so
changesin the managementregime canalter effort andcatch,andconsequently, at-
tributessuchasper-capitaconsumptionof particularresources.An obviousexample
is the impositionof a banon a given resource.The resultcould be a decreasein its
catchto virtually zero,with no correspondingchangein, for example,humanpopula-
tion size. Clearly, effort andcatchpatternsareobviously very stronglyshapedby the
socio-politicalenvironment,includingrulesimposedby secularandreligiousleaders,
patternsof fishingrightsthathaveevolvedovercenturies,andsociety’sentirepackage
of socialnorms.Two examplesfollow.

Dye(1990)examinedthefactorsrelatedto adeclinein offshorefishingin theMar-
quesasIslandsduringthelateprehistoricalperiod,asevidencedin ashift from ahighly
variedto a simplefish-hookkit. He arguedthat the declinewasrelatedto the riseof
a socialclasssystemthat led to a large portion of the populationincreasinglylosing
accessto thefisheryresource.

Dalzell (1998)pointedout the effectsof the introductionof the SeventhDay Ad-
ventistChurchto thePacific Islands.Thechurchproscribestheeatingof, amongother
things,fish without scales,shellfish,turtles,anddugong,soislandsdominatedby Ad-
ventistshavebecomeeffectiverefugesfor theseresources.

BiophysicalEnvir onment An obviouslyimportantfactor(or groupof factors)in
termsof theconditionof inshoreresourcesandpatternsof theirexploitationis thecon-
dition of the resources’supportinghabitator ecosystem.While a population’s actual
productivity changein responseto thedegreeof fishingpressureon thepopulation,its
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potentialproductivity changesin responseto theconditionof its environment,includ-
ing thebroaderreefsystem,surroundingwaters,andall theotherbiologicalelements
of theecosystem.In otherwords,theenvironment’scarryingcapacityfor theresource
of interestis subjectto change.

Somechangesin theconditionof theenvironmentcanbetreatedasstochasticvari-
ability aroundaverageor typical values,suchasyear-to-yearchangescausedby vari-
ationin oceanicconditions,which affect recruitmentto thepopulation.Otherchanges
aremoreenduring,suchasthoseassociatedwith climatic andoceaniceventsandcy-
cles. The frequenciesandperiodsof suchchangescanrangefrom yearsor decades
(e.g.,storms;ENSOevents;outbreaksof crown-of-thornsstarfish,Acanthasterplanci) ENSO

to centuriesor millennia(e.g.,seatemperature;sealevel). Otherchangesaremassive
andessentiallyirreversible,suchasthosestemmingfrom volcanicactivity anderosion,
bothaboveandbelow sealevel.

Both naturaland anthropogenicshapersof environmentalconditionsare poten-
tially important.Examplesof anthropogenicchangeincludeterrestrialsourcesof coral
reefdegradation,suchasinputsof sediments,chemicals,andnutrientsfrom logging,
agriculture,andcoastaldevelopment.Also potentially importantin this category are
ecosystem-leveleffectsof fishing.For example,fishingdown thepopulationof agiven
speciescanresultin increasesin theabundanceof its prey andreductionsin theabun-
danceof its predators.Two examplesof anthropogenicchangesfollow.

After examiningfossil deposits,aboriginalfolklore, andtheaccountsof European
explorersandfishermen,Jacksonet al. (2001)concludedthat therecurrentmassmor-
talitiesof coralon theGreatBarrierReeffrom thenumerouscrown-of-thornsstarfish
outbreaksthathadoccurredsince1960werealmostcertainlynew phenomena.Theau-
thorssuggestedthat thecauseof theoutbreakswaseitherfishingdown thestarfishes’
predatorsor increasesin productivity due to increasedrunoff of nutrientsfrom the
land—ineithercase,thecausewasfoundto bebothrecentandanthropogenic.

Jacksonet al. (2001) recountedthe vast declinesin the sizesof seaturtle and
dugongpopulationsin theAmericasandthePacific thatoccurredasaresultof hunting
sinceEuropeancolonization.Theauthorsemphasizedthelikely links betweenthede-
clinein greenseaturtles(Cheloniamydas) andthedie-off of turtlegrassbedsin Florida
Bay, andbetweenthedeclinein dugongs(Dugongdugon) andthedeclineof seagrasses
in MoretonBay, Australia.

Thenameciguaterais givento a typeof poisoningsufferedby consumersof fish ciguatera

with sizableamountsof ciguatoxins,which areproducedby dinoflagellates.It is seri-
ousenoughthatthepresenceor absenceof thetoxinsin reeffish is a highly important
productattribute to consumers.The prevalenceof ciguatoxinsin fish is highly area-
specific,taxa-specific,andfish-size-specific,thelatter two becausethetoxin becomes
more concentratedas it works its way up the food chain. Thus, ciguaterastrongly
affectsfisheryexploitationpatterns.The prevalenceof ciguaterais alsoknown to be
relatedto broaderenvironmentalconditions,so changesin thoseconditionscanalter
theprevalenceof ciguatera,with consequentimpactson exploitationpatterns.
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3.2 Summary of Bibliographic Sources

3.2.1 Ar chaeologicalSources

Archaeologicalsourcesof informationon reeffishingin Hawai‘i andSamoaaresum-
marizedin appendicesB throughI. Eachappendixcontainsa tableof sourcesordered
so that sourceswith the most informationarelisted at the top of the tableandthose
with the leastinformationare listed at the bottom. Therearea large numberof ta-
blesbecauseeachtablecontainsinformationon onekind of remains—shellfish,fish,
or turtle—ata particularlevel of identification—tolowesttaxonomiclevel possibleor
not—andmeasuredconsistently—byNISPor weight.Presentedin thisway, thetables
providefutureresearcherswith anaid to finding thebestsourcesof informationof any
particularkind.

Ar chaeologicalReports fr om Hawai‘i Thereview indicatesthatHawaiianarchae-
ologists regularly identify shellfishremainsto the lowest possibletaxonomiclevel.
Of the 355 reportsfrom which a quantificationof shellfish remainswas obtained,
314 reportedweightsfor taxaidentifiedto the lowest taxonomiclevel possible(Ap-
pendixB). Collectively, Hawaiianarchaeologistshave identifiedmorethan1.5metric
tonsof shellfish. The individual collectionsrangewidely in weight from 286 kg to
lessthan1 g. Forty-onereportssimply identifiedtheremainsas“shell” (AppendixC).
Thesesourcestypically reportedsmallershellfishcollections,rangingin weight from
33 kg to lessthan1 g, with a totalweightof 140kg.

Thereis greaterdiversity in the reportingof fish remains,with lessemphasison
identifying fish remainsthanshellfishremains. Of the 227 reportsof fish bonecol-
lectionsfrom which a quantificationof fish remainswasobtained,only 103 identify
fish bonesto the lowestpossibletaxonomiclevel. Of these,75 quantify the remains
asweights(AppendixE, 25 quantify the remainsasNISP (AppendixD), and three
quantify the remainsasMNI. Theselatter reportsincludeDavis (1991:60,61), who
identifieda minimumof 583 individual fish, RechtmanandWolforth (2000:25),who
identifiedaminimumof 180fish,andAthensandMagnuson(1998:31),who identified
a minimumof 55. Thecollectionsreportedasweightsrangefrom 14 kg to lessthan1
g, with atotalweightof 41kg. A totalof 115,478identifiedfishboneswerereportedin
collectionsrangingfrom 32,052identifiedspecimensto 4 identifiedspecimens.Of the
124reportsthatdon’t identify fish remainsto thelowestpossibletaxonomicunit, 112
reporttheremainsasweights(AppendixF) and12reportthemasNISP(AppendixG).
Theweightsof collectionsin which fish boneis not identifiedto lowestpossibletaxo-
nomiclevel rangefrom 14 kg to lessthan1 g. Thenumberof identifiedspecimensin
collectionswherethe fish bonesarenot identifiedto lowestpossibletaxonomiclevel
rangefrom 32,052specimensto 4 specimens.

Turtle boneis relatively rarely reportedin Hawaiian archaeologicalreports;only
24 reportswerefoundthat list turtle boneamongthefaunalremainsrecoveredduring
excavation.Fifteenof thesereporttheturtleremainsasweights(AppendixH) andnine
reportthemasNISP(AppendixI). Turtleboneis typically recoveredin smallamounts.
Amongthecollectionsquantifiedby weight,turtle bonerangesfrom 78.5g to 0.75g.
Amongthosequantifiedby NISP, turtlebonesrangefrom 212to 2.
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Ar chaeologicalReportsfr om American Samoa Thereis relatively little faunaldata
reportedfor AmericanSamoa.This is partly dueto factorsof preservation;many ar-
chaeologicalsitesin Samoaarelocatedtodayin gardenlands,whosevolcanicsoils,
ably tilled for hundredsor thousandsof years,have broken down and incorporated
organic materials,including shellsand animal bones,that were depositedin them.
Thereareninearchaeologicalsourcesthatreportcollectionsof shellfishremains(Ap-
pendixJ); threeof thefour largestcollectionsderivefromtheManu‘aIslands,primarily
from shorelinedepositsof calcareoussand.Thesinglerelatively largecollectionfrom
Tutuiladerivesfrom aseriesof smalltestpits. Theotherfivecollectionsareverysmall
and it is unlikely that they containmuch useful informationon patternsof resource
exploitation.

Onefishbonecollection from AmericanSamoahasbeenidentifiedand reported
asNISP. This is the work of Nagaoka(1993),who reliably identifiesthe patternof
fisheryresourceexploitation in the material. Identifiedfishbonecollectionsreported
asweightsareextremelysmall; Cleghornet al. (2000:37)reports18 g of fish bone,
Herdrichet al. (1996:65)13 g, ShapiroandCleghorn(1999:62)10 g, andMooreand
Kennedy(1996a:47)2 g. Best(1992:33)reports98 unidentifiedfish bones,andEisler
(1995:77)talliesanother13unidentifiedfish bones.

Turtle bonehasbeenreportedfrom two archaeologicalsitesin AmericanSamoa.
Nagaoka(1993:199,200)reports89turtlebonescollectedfrom theTo‘agasiteonOfu
in theManu‘aIslandsandLatinisetal. (1996:34)report9 g of unidentifiedturtlebone
from Ta‘u Island.

3.2.2 Historical Sources

The historicalperiodsof Hawai‘i andAmericanSamoaaredivided into sub-periods.
Oneapproachfor selectingconvenientsub-periodswouldbetochoosetemporalbound-
ariesthatcorrespondto watershedevents,suchassuddenchangesin systemsof gov-
ernanceor dramaticchangesin theway fisherieswereprosecuted.Anotherapproach
would be to basethe sub-periodson the typesof informationthat areavailable. For
example,a yearin which fish landingsdatastartedbeingregularly collectedmight be
a convenientstartingpoint for a sub-period.Here,a little bit of eachof thesetwo ap-
proachesis used,andthe result is threesub-periods—thesamefor bothHawai‘i and
AmericanSamoa.Following is a brief descriptionof thebasisfor choosingthem.

Before1900 Both Hawai‘i andSamoafirst madecontactwith voyagersfrom Europe
in the late1700s.Throughoutthe1800sboth islandgroupswereinfluencedby
visiting explorersandtradersandby Christianmissionsthat establishedthem-
selves. The documentationof fishery exploitation patternsduring this period
consistsmostlyof qualitative information—firstasrecordedby short-termvisi-
tors,andlaterasrecordedby bothvisitorsandforeignandlocal residents.

1900to 1950 After yearsof disputeamongBritain, Germany, andthe U.S., Eastern
Samoawasannexedby theU.S.at theturn of thecentury, just a few yearsafter
theannexationof theRepublicof Hawai‘i. Theexerciseof U.S.power brought
changesthataffectedbothfisheryexploitationpatternsandthedocumentationof
thosepatterns.
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After 1950 After a strongmilitary presenceon both islandgroupsduringWorld War
II, their demographicsandeconomieschangeddramatically. Theinterestof the
federalgovernmentincreased,resultingin statehoodfor Hawai‘i in 1959 and
substantialinvestmentsin the public sectorof AmericanSamoastartingin the
1960s. At the sametime, the amountanddetail of information aboutfishery
resourcesandtheir exploitationgreatlyincreased.

Summariesof the bibliographyfor the historicalperiodaregiven in AppendixK
and Appendix L for Hawai‘i and American Samoa,respectively. For eachof the
sources(in rows),indicationsaregivenof thetypesof relevantinformation(in columns)
that thesourceprovides. The listed informationtypesarepotentiallyusefulfor char-
acterizingfisheryresourceexploitationpatterns,asdescribedin Section3.1.2,aswell
asfor characterizingchangesin thosepatterns(Section4) andcharacterizingexploited
resourcesandchangestherein(Section5). The informationtypesarenumberedand
briefly describedbelow. Thesearchfor historicalsourcesdid not treatall theseinfor-
mationtypesequally—thecompletelist of sourcesthattouchonall thelistedinforma-
tion typeswould be impossiblylong. Informationthatwasdirectly relatedto inshore
resourcesandtheir exploitationreceivedthehighestpriority.

In the tablesof appendicesK andL, the first throughfourth columnscollectively
describethescopeof theinformationprovided,with onecolumnfor eachof thethree
sub-periodsidentifiedabove and onecolumn that refersto the geographicalareaof
focus, if any. The remainingcolumnsindicatewhetheror not the sourceprovidesa
giventypeof information.In theselattercolumns,thecharacter“x” is usedto indicate
thatthesourceincludesinformationof thattype. For someof theinformationtypes,a
“q” is usedto indicatethatat leastsomeof theinformationis quantitative.

Column 1. Before1900 Informationpertainingprimarily to theperiodbefore1900.

Column 2. 1900–1950Informationpertainingprimarily to theperiod1900–1950.

Column 3. After 1950 Informationpertainingprimarily to theperiodafter1950.

Column 4. Ar ea Any more specificareasof focus, suchasMain Hawaiian Islands
(MHI) or NorthwesternHawaiianIslands(NWHI), or specificislands(notethat
“Hawai‘i” meanstheislandof Hawai‘i).

Column 5. Participation Informationon thenumberof peopleor vesselsengagedin
resourceexploitation;a “q” indicatesthatquantitative informationis provided.

Column 6. Fishing effort Informationontheamountof fishingeffort expended;a“q”
indicatesthatquantitative informationis provided.

Column 7. Gearsand methods Informationon fishinggears,materials,or methods;
a “q” indicatesthatquantitative informationis provided—specifically, quantita-
tive informationaboutthecompositionof fishingeffort by gearor method.

Column 8. Catch composition Informationon thecompositionof thecatchby taxa,
including even casualremarksaboutparticularfish types;a “q” indicatesthat
quantitative informationis provided.
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Column 9. Catch magnitude Informationontheamountof fishharvested,landed,or
killed perunit of time;a “q” indicatesthatquantitative informationis provided.

Column 10. Catch per unit of effort Informationoncatchperunit of effort; notethat
CPUEmay be usedasan indicatorof resourceabundance,so it fits within the
“resourcesizeandstatus”informationcategory, but it is treatedseparatelyhere
becausemeasuresof CPUEarerelatively common;a“q” indicatesthatquantita-
tive informationis provided.

Column 11. Resourcesizeand status Information on the size or productivity of a
given resource,either in absolutetermsor relative to its potentialsizeor pro-
ductivity; examplesincluderelatively directmeasures,suchasfrom underwater
visualsurveys,andestimatesderivedfrom fisheriesdata;alsoincludedare“par-
tial” measuresof resourcestatus,suchasof growth, mortality, or recruitment
rates;a “q” indicatesthatquantitative informationis provided.

Column 12. Human population Informationon humanpopulationsize,density, dis-
tribution, or composition;a “q” indicatesthat quantitative information is pro-
vided; note that informationsourcesabouthumanpopulationaretreatedmore
fully in Section2.

Column 13. Human diet Informationon humanfood consumptionpatterns,suchas
amountof fish consumedpercapitaperunit of time or compositionof thediet
by fish taxa;a “q” indicatesthatquantitative informationis provided.

Column 14. Attrib utesof fishermen Informationonthecharacteristicsof thepeople
engagedin fisheryexploitation,suchasby areaof residency, socialor political
status,or ethnicity.

Column 15. Aquacultur e Informationon thedegreeof developmentof, andproduc-
tion from, aquaculture;a “q” indicatesthatquantitative informationis provided.

Column 16. Socialcontrols Informationon marinetenurepatternsandmanagement
practices,and more generally, the packageof social normsthat shapefishery
exploitationpatterns.

Column 17. Biophysical envir onment Informationonenvironmentalconditions,such
asdescriptionsof marinehabitatsandzonesin which exploitation takesplace;
notethatciguatera-relatedinformationis treatedunderthis type.

Column 18. Envir onmentalchangefr om non-fishing Informationonchangesin en-
vironmentalconditionsfrom causesotherthanfishing,whetheranthropogenicor
natural.

Column 19. Envir onmentalchangefr om fishing Informationonchangesin environ-
mentalconditionsspecificallycausedby fishing.

Column 20. Preferencesand values Informationonpreferencesamong,or valuesof,
food types,especiallyfor fisheryproducts;a “q” indicatesthat quantitative in-
formationis provided,suchasprices.
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Column 21. Mark etsand trade Informationon the dispositionof locally produced
fisheryproductsandthelocaluseof importedfoodproducts;a“q” indicatesthat
quantitative informationis provided.

Column 22. Other fisheriesand foodproduction Informationontheprevalenceand
relativeimportanceof fisheriesandotherfoodproductionactivitiesotherthanin-
shorefisheries,eitherassourcesof livelihoodsor sourcesof food;a“q” indicates
thatquantitative informationis provided.

Column 23. Bibliography Whetheror not thesourceis a substantialsourceof other
informationsources.

3.3 The Potential to Describe Patterns of Fishery Resource Ex-
ploitation

This sectionbuilds uponthe materialpresentedin the previoussectionsto assessthe
potentialof thereviewedsourcesof informationto describepatternsof fisheryresource
exploitation. This is a fundamentalstepin theanalysisof boththearchaeologicaland
historicalsources;without theability to describepatternsof fisheryresourceexploita-
tion, subsequentstepsdesignedto identify changesover timecannotbepursuedconfi-
dently.

3.3.1 PatternsBasedon Ar chaeologicalSources

The archaeologicalsourcesfor AmericanSamoaprovide informationon patternsof
fisheryresourceexploitation for oneisland,Ta‘u in the Manu‘a group. Thearchaeo-
logical faunalcollectionsfor that islandhave beenably analyzedby Nagaoka(1993),
but it is not possibleto determinewith theavailableevidencewhetherthesituationon
Ta‘u wascharacteristicof the restof AmericanSamoa,or wasidiosyncraticin some
way. Experiencein Hawai‘i suggeststhatthelattermight bethecase.

The typical archaeologicalfaunalanalysisin Hawai‘i focuseson theenvironmen-
tal zonesthatwereexploitedandthefishing techniquesthatmight have beenusedto
capturetheanimalswhoseremainswererecoveredfrom thearchaeologicalsite.There
areseveralexcellentdescriptionsof patternsof fisheryresourceexploitationin thear-
chaeologicalliterature(e.g.Kirch 1982;Goto1986;Hay et al. 1986).Thesegenerally
portraylocalfishingindustriesthatarewell-adaptedto thetypesof resourcesavailable
in nearshorewatersin the immediatevicinity of the archaeologicalsitesfrom which
faunalremainsarecollected.Thus,theoverall pictureis oneof resourceexploitation
patternsthatvary with variationsin nearshoremarineenvironment.Thesamepattern
might beexpectedin Samoawhenfaunalcollectionsfrom otherislandsareexcavated
andanalyzed.

Thereis a surfeitof archaeologicalinformationon fisheryresourceexploitationin
Hawai‘i that is suitedfor analysisalongthelinesof thestudiescitedabove. A synthe-
sisof the availablematerialscanbe expectedto firmly establishtraditionalHawaiian
patternsof fisheryresourceexploitationthroughmuchof thearchipelago.
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3.3.2 PatternsBasedon Historical Records

The potentialto describepatternsof fisheryresourceexploitationbasedon historical
sourcesfrom Hawai‘i andAmericanSamoais outlinedin thefollowing sections,which
breakdown the historic eraof both groupsinto threeperiodsbasedon the typesand
qualityof availablefisheryinformation.

Hawaii—1778 to 1900 For the period1778–1800thereis little informationin his-
torical sourcesthat is relevant to describinginshoreresourceexploitation patternsin
Hawai‘i. The journalsof the early Europeanvoyagerscomprisevirtually all of the
availableinformation(e.g.Cook1974). In searchingfor informationaboutpastfish-
ing practices,Newman(1970)reviewedthe journalsof theprincipalsin all themajor
voyagesby Europeansthat visited Hawai‘i up until 1800andfound little of interest,
concluding:

Thejournalscheckedduringthecourseof thisresearchconstitutevirtually
the whole of written literatureavailable for the late eighteenthcentury.
As canbe seen,the picturedevelopedfrom thesesourcesis exceedingly
sketchyandaboutall that is known is thatnetsandfishhookswerein use
duringthisperiod(Newman1970:52).

For theperiod1800to 1900therewereotherexploratoryvoyagesreachingHawai‘i
that yieldeddocumentationof fishing patterns– again,mostly anecdotalinformation
aboutfishinggearsandmethods(e.g.Campbell1816;Reynolds1835;Wilkes1845).
As the nineteenthcenturyprogressed,muchmoredetailedaccountsof fishing gears
andmethodsandthepredominantspeciesthatwerecapturedby themwerewritten,as
weredescriptionsof thebroadersocio-politicalandeconomicenvironmentsin which
fishingwascarriedout (e.g.Ellis 1836;Beckley 1883;Corney 1896;Kamakau1976;
Malo 1951; Deering1899). Kahaulelio(1902), for example,recordedhis firsthand
accountsasafishermanandobserverof fishermen,includingpersonalmemoriesasfar
backasthemid-1800s.

Theseandmany othersourcesdatingbackto the time of Europeancontactwere
reviewed andsynthesizedby Titcomb with respectto finfish Titcomb (1972)andin-
vertebratesTitcomb (1978),with a focuson the useof fish asfood andthe customs
relatedto the useof fish. Buck (1957) documentedthe materialaspectsof fishing.
Newman(1970)reviewedhistoricalsourcesto reconstructfisheryexploitationpatterns
duringeachof four successive periodsbetween1778and1900. Thedatarevealedin
the review weremostly limited to descriptionsof fishing gearsandmethodsandthe
predominantspeciescaughtwith eachmethod.

Thetraffic of whalingshipsin the1800shasbeenseenasapotentiallyusefulsource
of informationaboutfishing during that period. Iversenet al. (1990b),for example,
reviewed the logs of 113 visits by whalersto Kaua‘i, Ni‘ihau, andthe Northwestern
Hawaiian Islandsin searchof accountsof fishing by native Hawaiians. No pertinent
informationwasfound.

The socialnormsthat governedfishing andrelatedactivities underwentdramatic
andsuddenchangesbetweenEuropeancontactand1900,including the extensionof



30 3 PATTERNSOF FISHERY RESOURCEEXPLOITATION

themonarchyto all theMain HawaiianIslandsin 1810,theabandonmentof thekapu
kapu

systemin 1819,andKing KamehamehaIII’ senactmentof asetof lawsin 1839thatap-
portionedHawai‘i’ s fishinggroundsamongthecommoners,thelandlordsor konohiki,

konohiki
andhimself.Thefishing-relatedlawsof theKingdom,aswell astheconstitutionitself,
continuedto undergo substantialchangesthroughoutthe century. Accountsof these
changesare available in many works, including contemporarywritings (e.g. Jordan
andEvermann1902;Massee1926;Kosaki1954)andrelatively recentreviews (e.g.
Iversenetal. 1990b).

Onepotentiallyfruitful approachfor the periodprior to 1900would be to exam-
ine historicalsourcesabouttheuseof fishponds.Becauseof therelative durability of
Hawai‘i’ s fishponds,observationsmadeup to thepresentcanbeusedto evaluatepat-
ternsof exploitation prior to 1900andeven prior to Europeancontact.As discussed
in Section3.1.2,informationaboutfishpondscanrevealcharacteristicsof not just pro-
ductionfrom the ponds,but of inshorefisheriesin general,becausethe development
andoperationof pondswasprobablycloselyrelatedto aspectsof thecapturefisheries.
Thoserelationshipswereprobablyshapedby thedegreeof wild resourcescarcity, the
prevailingsystemsof tenureandrulesregardingaccessto theresource,andpreferences
amongfishproducts.For example,theapparentlysubstantialcostsof constructingand
operatingfishpondscouldhavebeenjustifiedby alackof wild fisheryresources.Alter-
natively, pond-producedfishmayhavehadgreatervaluethanwild-caughtfish,perhaps
by virtueof their statusasa foodof theelite,or thepondsthemselvesmighthavebeen
valuableas chiefly possessions.Fishponddevelopmentmight also be explainedas
the resultof the naturaltendency for peopleto encloseandown what areotherwise
boundary-lessresources.Whatever the rootsof fishponddevelopmentwere,observa-
tionsof thenumber, sizes,andlocationsof ponds,estimatesof their productivity, and
observationsof their degreeof decayat givenpointsin time (e.g.Cobb1903,1905b;
Bell andHiggins1939;Summers1964;Devaney et al. 1976)canprobablybeusedin
combinationwith informationaboutthe prevailing demographic,socio-political,and
economicconditionsto revealimportantaspectsof inshoreexploitationpatterns.

Finally, thesize,distribution,andcompositionof Hawai‘i’ s humanpopulationun-
derwentprofoundchangesin the period up to 1900. Even a crudeexaminationof
humandemographicswould reveal someof the basiccharacteristicsof inshoreex-
ploitationpatterns.Morerefinedinferencescouldbemadeif demographicinformation
wereexaminedtogetherwith otherimportantfactors,suchasshiftsin fishingmethods,
compositionof people’s diets, social controlsover fishing, and the labor and food-
productionaspectsof thelocaleconomy.

In summary, the utility of the informationdirectly relatedto inshorefishing that
is available for the pre-1900period is mostly limited to making a catalogof gears,
methods,andexploited species.Most of the availablesourcesdescribethe relation-
shipsbetweenparticularmethodsandspeciesonly very loosely, but several authors
have attemptedto provide rigorousdescriptionsof which specieswerecapturedwith
which methods(e.g.Newman1970:Table5). From the availablesourcesit is possi-
ble to make someinferencesaboutthe relative importanceor prevalenceof certainof
thesemethodsandspecies,but asnotedin Section3.1.2,thereareconstraintsto using
this typeof information.Thereis alsoa substantialamountof informationavailableto
reconstructotherimportantattributesof fishing patterns,includingwho fished—such
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as individualsversusgroups,whenandwherethey fished,someof the customsand
ritualsassociatedwith fishingandthedistributionof thecatch,andmoregenerally, the
systemsof authorityandcontrolsunderwhichfishingtookplace.Most importantly, in-
formationaboutthesize,distribution,andcompositionof Hawai‘i’ shumanpopulation
canbeusedasapowerful explanatoryfactorwith respectto inshorefishingattributes.

Hawaii—1900 to 1950 The U.S. Governmentmadeits first efforts at documenting
fishingpatternsin Hawai‘i in 1901,whenJohnCobb,aspartof a larger investigation
by theU.S.FishCommission,compiledwhatappearsto bethefirst setof quantitative
dataon commercialfisheriesactivity in Hawai‘i—primarily for the year1900(Cobb
1903).A secondinvestigationanddatacompilationfollowedin 1903(Cobb1905b).

In 1928 the Territory of Hawai‘i’ s Board of Commissionersof Agriculture and
Forestry, throughits Division of FishandGame,startedincludingdataon commercial
fishlandingsandvalue,aswell asthenumbersof fishinglicensesissued,in its biennial
reports. Between1948 and 1959, the Division also publishedmonthly statisticsof
thecommercialcatchby species.TheDivision of FishandGamebecamepartof the
Departmentof LandandNaturalResourcesin 1962andlaterchangedits nameto the
Divisionof AquaticResources.

Hamamoto(1928)usedcommercialdataprovidedin the1927issueof theannual
publicationHawaiianJapaneseAnnual& Directory(NippuJijisha-1941,in Japanese)
to makeanestimateof total commercialfisheriesproductionin Hawai‘i. It is not clear
whetherthedatain theDirectorycamefrom theTerritory of Hawai‘i reportsor from
othersources.In 1938,Bell andHiggins (1939)investigatedHawai‘i’ s fisheriesand
their potentialfor developmentthrougha visit to HonoluluandHilo. They compiled
fish salesdatafor the years1928 through1937 and remarked on changesthat had
occurredsinceCobb’s1901investigation.

With Hawai‘i’ s annexationby theU.S.in 1898cameprofoundchangesin theway
fisheriesweremanaged.Thesizeof thehumanpopulationgrew, especiallywith immi-
grationandthedevelopmentof thesugareconomy. Thedistribution of thepopulation
alsoshiftedwith continuingurbanization.Descriptionsof theseandother important
socio-politicalandeconomicchangesarereadilyavailablein many works.

In summary, quantitativedataon fish landingsandvalue,by species,area,andpe-
riod, areavailablefor mostof the first half of the twentiethcentury, but quantitative
informationaboutnon-commercialfisheriesappearsnot to beavailable.Closerexam-
inationof thecommercialdataalongwith circumstantialinformationwould probably
yield a reasonableestimateof the contribution of the commercialcatchto the total
catchand therebyindicate just how useful the commercialdataare for making in-
ferencesaboutthe entire inshorefishery. In any case,catalogsof fishing gearsand
methodsandexploitedspeciescouldbe constructedfrom the numerousavailablede-
scriptions.Determiningtherelative importanceof particularmethodsor speciescould
bedoneto acertainextent.As with thepre-1900period,examinationof theprevailing
socialnormsthatgovernedfishing-relatedactivities would likely reveal importantas-
pectsof inshorefishingpatterns,aswould informationabouttheuseof fishponds,the
broadereconomy, andespecially, thesize,distribution,andcompositionof thehuman
population,aswell aspeople’sdiets.
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Hawaii After 1950 Iversenet al. (1990b)documentedthe personalaccountsof a
numberof native Hawaiian fishermen,former fishermen,and elders. Although the
investigationwasnot, with theexceptionof lobster, focusedon inshorefishing,some
of the accountsdid refer to inshorefishing. Most of the information relatedto the
secondhalf of the 1900s,but someof the accountsreachedinto the first half of the
century.

Commercialfisheriesdatahavebeensystematicallyreportedin Hawai‘i since1900.
Thedatacollectionsystempresumablyimprovedits degreeof coverageandreliability
over time, and1948is the earliestyear includedin the Stateof Hawai‘i’ s Commer-
cial FisheriesReportingSystemandassociateddatabase,maintainedby the Division
of Aquatic Resourcessince1948. Fishermenthat sell any portion of their catchare
requiredto be licensedby the state,and licensedfishermenare requiredto submit
monthlyreportsto theHawai‘i StateDivision of AquaticResources,which maintains
andprocessesthedatain its CommercialFisheriesReportingSystem.Saltwaterfish-
pondoperatorsandaquariumfish collectorsarerequiredto submitspecialforms—the
PondOperator’s Monthly Fish Reportandthe AquariumFish CatchReport,respec-
tively.

Until October2002,thecommercialdatawerelimited to landingsonly; sincethen,
the entirecatch,including discards,aresupposedto have beenrecorded.Fishingef-
fort, by geartype,startedbeingrigorouslyrecordedin October2002;up to that time
fishing-dayswastheonly measureof fishingeffort. Thesalesvalueof landingsis also
recorded—beforeOctober2002by the fishermen,andsincethen througha separate
datacollectionprogramfor primaryfish dealers.

The commercialdataareusedby the Division of Aquatic Resourcesto produce
regularreportswith volumesandvaluesof commerciallandings,by species,area,and
method(e.g.,CommercialMarineLandingsSummaryTrendReport,producedby the
Divisionof AquaticResourcessince1997).Thedataarealsoavailableon thewebsite
of the WesternPacific FisheryInformationNetwork, or WPacFIN (WPacFIN, Hon-
olulu Laboratory, NationalMarineFisheriesService2003),andthey aresummarized
andcompiledin annualreportsproducedas“Fisherystatisticsof theWesternPacific”
by theWPacFIN.More detailedoutputsof thecommercialdatawith respectto thein-
shoreresourcesmanagedundertheFisheryManagementPlanfor CoralReefEcosys-
temsof the WesternPacific Region (WesternPacific Regional FisheryManagement
Council2001),includingtimeseriesfrom 1966of commerciallandingsandcatch-per-
unit-effort, areavailablein DeMello(2003);WesternPacificRegionalFisheryManage-
mentCouncil(2002).Mostof thesenational,territory, andstategovernmentalsources
includeseparatedatafor fishpondproductionandvalue.

Data on non-commercialfishing activity in Hawai‘i, often generallyreferredto
as“recreationalfishing” in theliterature,haveneverbeensystematicallyandregularly
collected.Thebestavailablesourcesareshort-termandlocale-specificsurveys,usually
relying on creelsamplingapproachesand/ortelephoneinterviews. Examplesinclude
a 1990-1991survey of the small boatfisheryof O‘ahu (HammandLum 1992)and
creel-typesurveys at HanaleiBay on Kaua‘i (Friedlanderet al. 1995; Eversonand
Friedlander2003),Hilo Bay on Hawai‘i (KahiapoandSmith1994;Loweet al. 1995),
andKāne‘oheBayon O‘ahu(Everson1994;EversonandFriedlander2003).

Someof thesesurveys wereconductedunderthe Main Hawaiian IslandsMarine
ResourcesInvestigation(MHI-MRI), a cooperative initiative coordinatedby theState
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of Hawai‘i Divisionof AquaticResources(Lowe1995a,b). Theprojecthasfocusedon
five demonstrationsites:Kāne‘oheBay on O‘ahu,Hilo andKailua-Konaon Hawai‘i,
HanaleiBay on Kaua‘i, andtheKihei Coaston Maui. Thereportsof all theinvestiga-
tions conductedunderthe initiative will soonbe availableon a web site dedicatedto
theMHI-MRI (M. K. Lowe,Hawai‘i Division of AquaticResources,pers.comm.).

Comparisonsbetweencreel survey dataand the commerciallandingsdatahave
revealedlargedisparities—possiblyduebothto underreportingof commerciallandings
andthefact thatnon-commercialcatchesarerelatively large(Friedlander1996;Lowe
1995a).

The Hawai‘i Marine RecreationalFishingSurvey (HMRFS), initiated by the Na-
tional Marine FisheriesService(NMFS) and the Hawai‘i Division of Aquatic Re-
sources(HDAR) in 2001,is a creel-typesurvey designedto cover all inshorefishing
in the Main Hawaiian Islands. Effort and catchdataare collectedthroughthe Ma-
rineRecreationalFisheryStatisticsSurvey (MRFSS),whichhasbeenconductedin the
continentalU.S.since1979(Division of AquaticResources,Departmentof Landand
NaturalResources,Stateof Hawaii 2003).Datafrom theHawai‘i survey have not yet
beenmadeavailable.How long thesurvey will continueis not known.

In an effort to synthesizethe resultsof the variousrecreationalfisherydatasets
andmake themmoreuseful,theFisheriesMonitoring EconomicsProgramof thePa-
cific IslandsFisheriesScienceCenter(PIFSC;formerly the Honolulu Laboratoryof
theSouthwestFisheriesScienceCenter)initiatedtheRecreationalMetaDataProject.
The projectfocuseson the pelagicfisheries,but datafrom the inshorefisherieshave
beencompiled,aswell. Reportsanddatafrom varioussurveysandinvestigations,go-
ing backas far as1928,areavailableon the projectweb site (FisheriesMonitoring
EconomicsProgram,Pacific IslandsFisheriesScienceCenternd).

Most inshorefishingin theNorthwesternHawaiianIslandsis of a commercialna-
ture, so the dataare generallyavailable throughthe Stateof Hawai‘i’ s Commercial
FisheriesReportingSystem,which hasbeenmanagedby theDivision of AquaticRe-
sourcessince1948. The lobsterfisheryin theNorthwesternHawaiianIslands,which
startedin 1979andexpandedrapidly in the1980s,is federallymanagedsoa separate
setof datais available. Thesedataaremaintainedby the PIFSCandperiodicallyre-
portedin avarietyof forms,includingthetechnicalreportsof thePIFSCandtheannual
reportson the“CrustaceanFisheriesof theWesternPacific Region” publishedby the
WesternPacific RegionalFisheryManagementCouncil.

A recreationalinshorefisheryoperatedat Midway in the NorthwesternHawaiian
Islandsduringthelasthalf of the1990s.Fisheriesdatawerecollectedandmanagedby
theU.S.FishandWildlife Serviceafter1996.

Hawai‘i’ sfisheriesregulatoryenvironmentcontinuedto undergosubstantialchanges
in thesecondhalf of thetwentiethcentury. Theeconomyshiftedto tourism,which, to-
getherwith continuedpopulationgrowth, wasaccompaniedby physicaldevelopment
on a fairly large scale,with consequentimpactson inshorehabitatsandecosystems.
Accountsof theseandother importantsocio-political,economic,andenvironmental
changesarereadilyavailable.

In summary, a numberof quantitative datasetsfor non-commercialfisheriesbe-
cameavailablesince1950.Althoughmostof thesesourcescontainonly short-termand
locale-specificdata,togetherwith the more regular and long-termcommercialland-
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ingsdata,they canbe usedto infer fairly detailedcharacteristicsof Hawai‘i’ s overall
inshoreexploitationpatterns.Effortsareincreasinglybeingmadeto synthesizethevar-
iousdatasourcesin orderto bettercharacterizeHawai‘i’ s inshorefisheries,including
theRecreationalMetaDataProjectandstudiesconductedundertheMain HawaiianIs-
landsMarineResourcesInvestigation.Althoughthemoredetailednatureof theinshore
fisheriesdatain thepost-1950periodlessenstheneedto rely on circumstantialinfor-
mation,suchinformationcanbe usedto validatefindingsandto explore the factors
that shapefisheryexploitation patterns.Like the pre-1950period,potentiallyuseful
circumstantialinformationincludesdemographicanddiet dataandinformationabout
fishing-relatedcontrols.Informationthatis especiallyrelevantfor thepost-1950period
includesexportandimportdataandinformationabouttheconditionof inshorehabitats
andecosystems.Thelatteris morefully addressedin Section5.

American Samoato 1900 Thefirst Europeanvoyageto visit Samoaappearsto have
beenthatof JacobRoggeveen,whodid not landbut whometSamoansthatboardedhis
vesselwhile anchoredoff theManu‘agroupin 1722.Thecrew of thedeBougainville
voyagesimilarly did not land,but they madecontactandtradedwith Samoansin 1768
(de Bougainville 1772). Membersof the expeditionof La Pérouseactually set foot
on Samoansoil in 1787,on Tutuila (La Pérouse1799). The voyageof the Pandora,
captainedby Edwards,whowassearchingfor theBountymutineers,followedin 1791.
OtherearlyvoyagesthatreachedSamoaincludedthoseof deFreycinetin 1817-1820,
von Kotzebue in 1815-1818and1823-1826,d’Urville in 1838,andWilkes in 1839
(Wilkes1845). TheWilkesExpeditionis especiallynotablebecauseit resultedin the
appointmentof anAmericanConsul,anaccessagreementfor U.S.vesselsto usePago
Pago Harbor, and the establishmentof the first rules imposedby Westerners.The
fishing-relatedinformationavailable in the accountsof thesevoyagesappearsto be
limited to descriptionsof fishingmethods,suchasthoserecordedduringtheLaPérouse
voyage(La Pérouse1799).

Otherhistoricalsourcesfor the nineteenthcenturyincludethe writings of Chris-
tian missionaries.The first missionariesto Samoawerethe Wesleyans,who arrived
in 1828. Much moreinfluential, however, wasthe LondonMissionarySociety, now
known astheCongregationalChristianChurchof Samoa,led by JohnWilliams start-
ing in 1830(Holmes1974). Europeanmissionariessoonfollowed. Missionariesand
othernon-native residentsduring the early 1800swrote accountsof fishing practices
(Williams 1840;Moyle 1984;Turner1989;Stair 1983). As with the early explorers,
thesefishing-relatedaccountsweremostlylimited to qualitativedescriptionsof fishing
materials,gears,andmethods,but they wereaccompaniedby descriptionsof house-
hold andvillage economiesandof the socialandpolitical environmentwithin which
fishingwaspracticed,giving a fairly strongsenseof theimportanceof fishingandfish
productsandthe socialnormsgoverningfishing andthe useof fish. Also important
is the fact that theseaccountsgenerallyreliednot just on first-handobservations,but
alsoon the knowledgeof local informants,which includedboth their own memories
andthe farther-reachingmemoriesof societyasa whole, asreflectedin stories,leg-
ends,proverbs,andotherformsof knowledgepassedamonggenerations.For example,
many of theproverbscompiledandcollectedby Schultz(1994)in themid-1800srelate
to fishingpractices.
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Muchof therelevantfishing-relatedinformationin thesourcespublishedduringthe
1800swascompiledandsynthesizedby Krämerin 1902,who addedthe accountsof
hisown informants,aswell (Krämer1995).His descriptionsof fishinggears,methods,
andpractices,aswell asof the reefenvironmentandsomeof theparticularresources
thatwereharvested,areparticularlydetailed.Also potentiallyusefularesomeof the
not-yet-translatedpublicationsof Germanwriters,suchasDemandt(1913).

In summary, the utility of the informationdirectly relatedto inshorefishing that
is available for the pre-1900period is mostly limited to making a catalogof gears,
methods,andexploitedspecies.Fromtheavailablesourcesit is possibleto makesome
inferencesabouttherelative importanceor prevalenceof certainof thesemethodsand
species,but asnotedin Section3.1.2,thereareconstraintsto usingthis typeof infor-
mation.Thereis alsoasubstantialamountof informationavailableto reconstructother
importantattributesof fishingpatterns,includingwhofished—suchasindividualsver-
susgroups,whenandwherethey fished,someof the customsandrituals associated
with fishing andthe distribution of the catch,andmoregenerally, the systemsof au-
thority andcontrolsunderwhichfishingtookplace.InformationaboutSamoa’soverall
economy, particularlythedevelopmentof theplantationeconomyin thelasthalf of the
1800s,canbeusedto determinetheimportanceof inshorefishingasbotha livelihood
anda food source.Perhapsmostimportantly, informationaboutthesize,distribution,
andcompositionof Samoa’shumanpopulationcanbeusedasa powerful explanatory
factorwith respectto inshorefishingattributes.

American Samoa—1900to 1950 Theturn of thecenturysaw theannexationof the
easternislandsof Samoaby theU.S.,whosenavy administeredAmericanSamoauntil
afterWorld War II. Thereareanumberof sourcesthatdescribethenew administration
andits effects(e.g.Gray 1960). Although the annexationwasobviously a profound
changeon somelevel, somewriters, suchasHiroa (1930),providedevidencethat it
hadrelatively little effecton indigenoussystemsof authority.

Hiroa(1930)documentedSamoanmaterialculture,includingdetaileddescriptions
of fishingmaterials,devices,andmethodsandsomeof theprincipalspeciescaptured
with eachmethod.

In summary, quantitative fisheriesdatawerestill not available in the first half of
thetwentiethcentury. Like thepre-1900period,detaileddescriptionsof fishinggears
andmethodsareavailable,andtherearenumerousdescriptionsof thebroadersocio-
political andeconomiclandscape.As with the pre-1900period,examinationof the
prevailing socialnormsthatgovernedfishing-relatedactivities would likely revealim-
portantaspectsof inshorefishingpatterns,especiallyif examinedtogetherwith infor-
mationaboutthesize,distribution,anddiet of thehumanpopulation.

American SamoaAfter 1950 Inshorefisheriesinformationfor the1950sand1960s
appearsto be limited to qualitative descriptions.For example,VanPel (1956),of the
SouthPacific Commission,madea brief assessmentof AmericanSamoa’s fisheries
in 1954. The focusof the reportwaspelagicresourcesbut it includedsomegeneral
statementsaboutthecharacteristicsof theinshorefishery. Holmes(1974)documented
observationsof fishingpracticesmadeduringvisits in 1954and1962.
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The AmericanSamoanGovernmentstartinggatheringfisheriesdataon a regular
basisin 1971,collectingcatchreportsfrom foreign andlocal fishermen.Thesedata
weresummarizedin annualreports(e.g.Aitaoto 1985). However, sincethe reporting
by local fishermenwason a voluntarybasis,thereportingratewasrelatively poorand
thedatawerefoundnot to beveryusefulwith respectto subsistencefishing.

Startingin 1975,quantitativeestimatesof effort andcatchstartedto becomeavail-
ablefor theshorelinefisheryof theislandof Tutuila. Hill (1978)madeobservationsof
theinshorefisheryalongaportionof theTutuilashorelinein 1975and1976,providing
detaileddescriptionsof therelative useof variousmethods,aswell aswho usedthem
whereandwhatenvironmentalconditions.Hill alsoprovidedquantitativeestimatesof
effort andcatch. In 1979,the approachusedby Hill wasexpandedto cover a larger
portionof Tutuila (Wass1980). Theshorelinecreelsurvey wasrestartedon a regular
basisin 1990(seePonwith1992)andit producedTutuila-wideestimatesof shoreline
effort andcatch,by methodandspecies,for theyears1991through1995(Craiget al.
1993;Saucerman1994,1995b,a; WPacFIN, Honolulu Laboratory, NationalMarine
FisheriesService2003).

Boat-basedfishingaroundTutuila startedbeingmonitoredthrougha creelsurvey
in 1979,but it waslimited to majorlandingsitesthatweremostlyusedby commercial
fishermen,andit wasnot until 1985that the boat-basedcreelsurvey coveredall the
fisherycomponents.

Since1990,commercialfishsales,byspecies,havebeencensusedthroughareceipt-
basedmonitoringsystem.Thesystemwasrecentlymodifiedsuchthatfishingmethod
is also recorded. Fish imports are monitoredthroughthe samesystem(WPacFIN,
HonoluluLaboratory, NationalMarineFisheriesService2003).

The datafrom the shorelineandboat-basedsurveys andthe salescensusarecol-
lectedandmanagedby theDepartmentof MarineandWildlife Resources.Throughthe
WesternPacificFisheriesInformationNetwork (WPacFIN),thedataarecompiledinto
annualreportspublishedby thePacific IslandsFisheriesScienceCenter, aswell asre-
portsof theAmericanSamoaGovernment.ThedataarealsoavailableontheWPacFIN
website(WPacFIN,HonoluluLaboratory, NationalMarineFisheriesService2003).

Also available for the latter part of this sub-periodare the resultsof occasional
interview-basedsurveys that hadprimary objectivesother thanquantifyingeffort or
catch. TheseincludeSeveranceandFranco(1989);DesRochersandTuilagi (1993);
Tuilagi andGreen(1995),andCurrenandSauafea(2000). Someof thesesoughtto
documentcurrentconditionswhile othersalsoexploredthe past. For example,Sev-
eranceandFranco(1989)examinedhistoricalsourcesof informationwith respectto
offshorefishing. Their findingsalsorelatedto someinshorespecies,includingsharks,
trevallies (Caranxspp.),andsomedemersalspecies,includingspiny andslipperlob-
stersandcertaingroupers.The authorssoughtandfound remarkablecontinuitiesin
fishing practicesfrom the pre-Europeancontactperiod(asevidencedin legendsand
proverbs)into the1980s,albeitit with importantchangeswith respectto fishingmeth-
odsandequipment,thedistributionof thecatch,andotheraspects.

In summary, quantitative datafor the inshorefisherybecameavailablestartingin
1975,andthey arelimited to the islandof Tutuila. Thesedataprovide fairly detailed
descriptionsof inshorefishing activities, including effort and catchby period,area,
method,species,andfish size. Theresultsof a numberof morequalitative investiga-
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tionsareusefulin termsof revealingthe importanceof inshorefishingasa livelihood
anda food source. Informationaboutthe size,distribution, andcompositionof the
humanpopulationandaboutfishing-relatedcontrolsarealsoavailable. Finally, cir-
cumstantialinformationthatmaybe especiallypertinentfor the post-1950periodin-
cludesinformationaboutthebroadereconomy—whichshiftedprofoundly, export and
import data,andinformationaboutthe conditionof inshorehabitatsandecosystems.
Thelatteris morefully addressedin Section5.

4 Temporal Changesin Fishery ResourceExploitation

Thissectionassessesthesuitabilityof thesourcesreviewedin Section3 toanswerques-
tionsaboutchangesover time in fisheryresourceexploitation in Hawai‘i andAmeri-
can Samoa. For the archaeologicalsources,a primary constraintis the confidence
with which archaeologicalcollectionscanbe placedin chronologicalorder. Unfor-
tunately, many archaeologistsworking in Hawai‘i andAmericanSamoatake a rather
lackadaisicalapproachto datingandproducedataof questionableutility. This discus-
sion is followedby themethodsusedto infer changefrom historicaldocuments.The
sectionendswith assessmentsof thepotentialto describechangesin fisheryresource
exploitationfor theprehistoricandvarioushistoricperiodsof thetwo islandgroups.

4.1 ChronologicalMethods in Ar chaeology

Oneof archaeology’sgreatstrengthsis its ability to yield informationon changeover
time. Thearchaeologicalrecordis adiachronicrecord,onethataccumulatesovertime, diachronic

andthispropertyoftenmakestheinvestigationof changemorestraightforwardthanan
investigationof synchronicphenomena.Thus,althoughmethodsfor estimatingtherel- synchronic

ative abundanceof taxaaredifficult to applyandinterpret,asdiscussedin section3.1
on page14, changesover time in the relative abundanceof taxaarerelatively easyto
detectandinterpretwith archaeologicaldata.A measurelikeNISP, for example,mea-
suresrelativeabundanceof taxa,asynchronicmeasure,ratherpoorlybecausedifferent
taxahavedifferentnumbersof identifiableelementsandidentifiableelementsfragment
atdifferentrates(seepg.3.1.1).However, becausethenumberof identifiableelements
per taxonandtheir fragmentabilityarebothconstant,a differencein the relative pro-
portion of a taxonmeasuredby NISP in two archaeologicalcollectionswith similar
degreesof fragmentationseparatedonly by time canbe interpretedwith confidence
(seeDrennan2001:667).

This circumstancehasled to an active field of inquiry for Pacific archaeologists.
Although archaeologicalstudiesof changeover time in fisheryresourceexploitation
have only begunto appearin the lastdecadeanda half, theresultsfrom widely sepa-
ratedislandgroupsaresufficiently similar for Allen etal. (2001)to identify acommon
trajectoryof declinein foragingrangeandintensity. The possiblecausesof the de-
cline includeagriculturalintensificationandgrowth of animalhusbandrysystemsthat
would diminish the role of fish and shellfishin the diet, increasedcompetitionand
chieflycontrolof fishinggear, andpossiblyresourcedepression.
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In apracticalsense,theweaknessof thearchaeologicalrecordfor estimatingchanges
in fisheryresourceexploitationderivesprimarily from thechronologicalmethodsde-
velopedin archaeologyandtheiruse,or misuse,by archaeologists.Thereasonsfor the
failureof datingprojectsto yield usefulresultsareseveralandvaried:

• poorcontroloversampleprovenience,in particulardatingamalgamsof charred
materialoriginally dispersedthroughouta stratigraphiclayer or collectedfrom
thesieve;

• failureto specifythearchaeologicaleventbeingdatedandto distinguishit from
thedatedevent(Dean1978;Taylor1987);

• useof thenow-discreditedvolcanicglassdatingtechnique(Olson1983);

• inadequatecharacterizationof y�z C datedmaterialandfailure to control for the
“old wood” problem(Dye 2000), whoseeffects are documentedfor Hawai‘i
(Dye andCarson2002);and

• calibrationwithout benefitof prior chronologicalinformation,which canbe in-
corporatedwithin a Bayesianstatisticalframework (Buck et al. 1996).

As a result of theseproblems,it is often impossibleto placesitesin chronological
orderbasedon theresultsof datinganalyses.This is especiallyso in Hawai‘i, where
theprehistoricperiodis oneof theshortestin theworld, about1,000years.Thelonger
time-frameof Samoanprehistoryminimizessomewhat the problemscausedby this
lack of precisionin archaeologicaldating,andthepresencein Samoaof artifactswith
restrictedtemporaldistributions,suchaspotterytypes,providesanalternative means
to assignsitesto chronologicalperiods.

In this situationof limited dating reliability, the importanceof collectionsmade
at stratifiedarchaeologicalsitesincreases.Here,the law of superpositionenablesthe

law of superposition
archaeologistto orderthecollectionsby agebasedon theirpositionin thestratigraphic
sequence.

stratigraphicsequence

4.2 Inferring Changesfr om Historical Documents

Oneobviousapproachfor identifying temporalchangesin exploitation patternsis to
comparean estimateof a given attribute for a given time periodwith an estimateof
the sameattribute for anotherperiod. The ability to determinewith a useful level
of confidencewhetheror not therehasbeena changeis, of course,constrainedby
the precisionof the two estimates.In general,estimatesof exploitation attributesin
Hawai‘i andAmericanSamoaduringmostof thehistoricalperiodcanbeexpectedto be
relatively imprecise,in whichcaseit will bepossibleto identify temporalchangesonly
in caseswheretheestimatesdiffer by a relatively largedegree.Further, theprecision
of estimatesof exploitationattributescanbeexpectedto decreasewith increasingtime
beforethepresent.

A secondapproachto identifying temporalchangesis to rely on estimatesof the
temporaldifferenceitself, ratherthancomparingindependentmeasuresfrom the two
time periods.For example,a givenobserver might noticeandrecordthat thecatches
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of a giventaxonweremuchgreaterduringhis earlyfishingyearsthanduringhis later
fishing years. In that case,therewould be no uncertaintyasto whetheror not there
wasa differencein the two “measurements.” Therewould, however, be the problem
of measurementerror, suchasstemmingfrom biasesassociatedwith the fisherman’s
memory, or from his failure to accountfor certainconfoundingfactorsin makinghis
determination.Oneobviouslimitation of this approachis thattheinterval of time that
canbe examinedis limited by the periodof observation, or generally, the spanof a
humanlife. Of course,partof thepurposeof this assessmentis to examinethepoten-
tial to overcomethe limitations of suchshort-termobservationalwindows—in other
words,to copewith the “shifting baselinesyndrome”(Pauly 1995). For example,in
arguingfor theneedto considerhistorical,archaeological,andpaleoecologicalinfor-
mation whenexamining the structureandpaceandmagnitudeof changeof coastal
ecosystems,Jacksonet al. (2001:636)noted: “The historicalmagnitudesof lossesof
largeanimalsandoystersweresogreatasto seemunbelievablebasedon modernob-
servationsalone.” And further: “The shifting baselinesyndromeis thus even more
insidiousandecologicallywidespreadthanis commonlyrealized.” Notwithstanding
theutility of a long-termperspective,observationalperiodsonthescaleof decadesand
even yearsarecertainlyusefulwith respectto the historicalperiodsof Hawai‘i and
AmericanSamoa.

Section3.1.2identifiedthemainfisheryexploitationattributesof interestandiden-
tified anumberof factorsthatcouldpotentiallybeusedto infer theabsoluteor relative
statesof thoseattributes.Without quantitativedata,determiningtheabsolutestatesof
effort andcatchattributesis difficult, but relative measuresmay be possible,suchas
prevalencerankingsamongmethodsandspecies.Relative measureswith respectto
time may alsobe possiblewithout quantitative data. Even informationsolely about
directionalchangesin someof thefactorslistedin Section3.1.2,suchashumanpopu-
lationsize,canbeenoughto infer importantchangesin exploitationpatterns.

During the historical period in Hawai‘i andAmericanSamoa—aperiodof little
morethantwo hundredyears—particularlyrapidanddramaticshifts in many of these
factorsoccurred,sodramaticshifts in fisheryresourceexploitationpatternsprobably
alsooccurred.A few examplesfollow of how changesin thosefactorsmight be re-
latedto changesin fisheryresourceexploitationpatterns.This is an extensionof the
discussionin Section3.1.2,but with a focuson temporalchanges.

For muchof the historicalperiodin Hawai‘i andAmericanSamoa,the predomi-
nanttype of written informationaboutinshorefishingpracticeswasdescriptionsand
inventoriesof fishinggearsandmethods.For thepurposeof examiningchangesover
time in, for example,themagnitudeof fishingeffort or catches,theutility of suchin-
formationis limited. But evidenceof changesover time in theinventoryof gearsand
methodsandtheir relative importancecanstill beuseful.For example,onecanexam-
ine thepaceat which materialsandmethodschangedin responseto contactandtrade
with the outsideworld. Suchchangesare linked with the relative efficienciesof old
andnew materialsandmethods,aswell aswith their relativecosts.A shift in methods
is notonly aprobableindicationof anincreasein overall fishingefficiency, but alsoof
ashift amongtheresourcesthatwerebeingexploited.

Therearealsoimportantlinks betweenfishing methodsandthe prevailing social
controlsoverfishing. In many PacificIslands,theuseof particularmethodswasowned
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or controlledby particularindividualsor groups.Newly introducedmethods,however,
oftenfell outsidethosecontrols,allowing themto beusedmorefreely thantraditional
methods. This could have led to shifts in where,when, and by whom fishing was
done,andmostcritically, how muchfishingtookplace.A secondlink betweenfishing
methodsandtheregulatoryenvironmentis thatin many cases,theintroducedmethods
couldbehandledby fewerpeoplethantheoldermethodsthey replaced.Again,thishas
implicationsin termsof societalcontrolsover fishingactivities. Thefewer thepeople
neededto successfullyusea given fishing method,the lessopportunityfor a central
authorityto control the useof themethod.For example,Wass(1980)cited a shift in
fishinggearsandmethodsin AmericanSamoaasa likely contributor to thedeclineof
theauthorityof thetraditionaltautai, or fishingspecialist.

tautai
Informationaboutchangesin thesocio-politicalenvironment—particularlyregard-

ing marinepropertyrights andotherfishing-relatedcontrols—canbe a powerful tool
for identifyingchangesin fishingpractices.Thevalueof propertyrightsandthesever-
ity of fishery-relatedcontrolscanbe expectedto reflect resourcescarcityto at least
somedegree. They alsoprovide importantindicationsof who andhow many people
have accessto the resource.Dalzell (1998)cited theexampleof theMaori peopleof
New Zealandasaparticularlygoodillustration(WaitangiTribunal1988;Ruddle1995).
Following Europeansettlementin thenineteenthcentury, thenative Maori population
becameeconomicallyandsociallymarginalized;they weredispossessedof their fish-
ing rights andwereeffectively replacedby the Europeansettlersasthe primary fish-
ery resourceusers.Within 100yearsof Europeancontact,Maori fishingpatternshad
changedsodramaticallythatuntil recently, mostmodernNew Zealandersmistakenly
believedthatMaori fishingpracticesin thepastweremostlylimited to shellfishglean-
ing.

4.3 The Potential to Describe Changesin Fishery Resource Ex-
ploitation

The potentialto describechangesin exploitation patternsis a function of the avail-
ability of informationaboutthosepatternsthroughtime,which wasaddressedin Sec-
tion 3.3. This sectionhighlightssomeof the morepromisingapproachesanda few
previousinvestigationsthatspecificallyexaminedtemporalchanges.

4.3.1 Changesin Pre-ContactHawai‘i

Most often, variability in archaeologicalcollectionsof marinevertebratesandinver-
tebratesin Hawai‘i is interpretedasa reflectionof thevariability in nearshoremarine
environmentsproximal to the archaeologicalsiteswherecollectionsweremade(e.g.
Kirch 1982,1985;Goto1986).Thisis duein partto theprimarygoalsof mostarchaeo-
logicalanalysesof faunalremains,whichareto characterizethemarineenvironmental
zonesthatwereexploitedandto infer thetypesof gearneededto capturethefish and
shellfishwhoseremainswererecovered.Thisbiastowardsynchronicanalysesis strong
enoughthat faunalcollectionsfrom Hawaiianarchaeologicalsiteshave generallynot
beensubjectedto rigorousdiachronicanalyses,evenwhenthesecollectionshavebeen
madeat deeplystratifiedandrich sites(e.g.Hay et al. 1986). Oneexceptionto this is
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thework of Goto(1986:375),who documenteda shift in thecatchfrom carnivoresto
herbivoresat Wai‘ahukini,Hawai‘i Island.

The largebody of dataproducedby archaeologistswould appear, however, to be
suitedfor analysesof changein the compositionof the catch,althoughinformation
on the sizeof fish or shellfishis not generallyreported,thusmakingit impossibleto
track this aspectof change. The dataon fish remainsare limited somewhat due to
reportingpractices,which too frequentlyfail to tabulateNISP in favor of weight, a
metric whosepropertiesin archaeologicalanalysisarenot well developed. It might
be possibleto augmentthe large collectionsreportedas NISP by re-analyzingand
countingthe specimensin identified collectionsreportedas weights (Appendix E).
If this work were to be undertaken, it shouldfocus on large collections,preferably
from stratifiedsiteswhere y%z C datingresultscanbe supplementedwith stratigraphic
information.

4.3.2 Changesin Pre-ContactSamoa

Thescantfaunalrecordfrom AmericanSamoaprecludesanalysesof changeovertime
thatgobeyondthework of Nagaoka(1993)with thelargecollectionsof vertebrateand
invertebrateremainsfrom thedeeplystratifiedTo‘agasite in theManu‘a Islands.Na-
gaoka’sanalysispointedto apatternof stability in themarineresourcesexploitedover
time, andit appearsthat informationon changein theprehistoricperiodof American
Samoawill have to wait for the excavation andanalysisof suitablecollectionsfrom
otherarchaeologicalsites.

4.3.3 Historical Changesin Hawai‘i

Thatexploitationpatternsmayhave changeddramaticallyandrapidly afterEuropean
contactis highlightedin theremarkthat“. . . iron fishhooksfashionedby theHawaiians
themselveswerebeingmadeby thetime the[Cook] expeditionleft KealakekuaBay”
(Newman1970:52).Hill (1978)notedthatwith respectto thePacificIslandsin general,
by the endof thenineteenthcenturythevarietyof fishingmethodshadbeenreduced
andmany traditionalmaterialsanddeviceshadbeenreplacedwith imports.

As describedin Section3.3, thereis very little historicaldocumentationof fishery
resourceexploitationpatterns—asidefrom a few passingdescriptionsof fishingmeth-
odsandgearsused—atthetime of contact,or indeed,until theearly1800s.It would
thereforebedifficult to usedataspecificallyaboutfisheriesin orderto identify changes
that took placebetweenthetime of contactandlaterperiodsfor which moredetailed
documentationis available.

Althoughthequalityandquantityof fishing-relatedinformationaboutHawai‘i im-
proved with time, even until the early 1900sthe informationwas largely limited to
descriptionsof fishingmethodsandreferencesto the dominantspeciescapturedwith
thosemethods.It would thereforebe difficult to usedataspecificallyaboutfisheries
in orderto identify changesin exploitationpatternsfrom thetime of Europeancontact
until abouttheturn of thetwentiethcentury. Thecircumstantialinformationdescribed
in Section3.3,however, couldbefairly powerful.
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In spiteof the paucityof fishing-relatedinformationfor the eighteenthandnine-
teenthcenturies,Newman(1970)foundreasonto makesomefairly strongconclusions
aboutthenatureof changeduringthatperiod—towit, that therewasvery little. Not-
ing thattheonly introducedmaterialsduringthatperiodweresinkersof leadandiron,
European-manufacturedmetal fishhooks,metal fishhookscraftedby Hawaiians,the
castnet, andpossiblythe gill net, Newmanconcludedthat marineexploitative tech-
niqueswerestablethroughthenineteenthcentury. However, theanalysiswaslimited
to the typesof fishingeffort, andnot its magnitude.Clearly, the dramaticchangesin
thesize,distribution,andcompositionof thehumanpopulationin thenineteenthcen-
tury musthavehadsubstantialimpactson themagnitudeof effort andcatch,if not the
compositionof effort by methodsor thecompositionof thecatchby species.

Theimpactof theadoptionof thefew new fishingmaterialsanddevicesduringthe
eighteenthandnineteenthcenturiesshouldnotbediscountedwithoutacloseexamina-
tion. Themerefact that thenew materialsanddeviceswereadoptedimpliesthat they
wereeithercheaperto obtainor useor they broughta greaterreturnperunit cost.The
effect would have beenan increasedincentive to usethe new/modifiedmethodrela-
tive to othermethods,which would have led to a shift in effort amongmethods,and
thusprobablya shift in thecompositionof thecatch.Suchshifts in effort couldhave
occurredboth within the inshorerealmandbetweenthe inshorerealmand the deep
benthicandpelagicrealms.Indeed,they couldhaveoccurredbetweenthecapturefish-
ery sectorandothereconomicsectors,includingaquacultureandagriculture.In short,
the introductionof lead, iron, metalfishhooks,the castnet, andpossiblythe gill net
mayhave lednotonly to substantialshiftsin exploitationpatternsamongmethodsand
resources,but also to a changein overall inshorefishing effort and/orcatch,at least
on a per capitabasis. The possibility of shifts of this type canbe exploredthrough
analysisof thestructuralandfunctionalchangesin materialsandgearsandhow those
changeswererelatedto target resources,andthroughcloseexaminationof the avail-
ableinformationabouttherelativeprevalenceof fishingmethods.Cobb(1903,1905b),
for example,providedquantitativedataoncommerciallandingsby methodandspecies
at theendof thenineteenthcentury.

Shomura(1987) examinedlandingsdatafor the period 1900-1986,specifically,
datafor theyears1900,1950,1953,1985,and1986. Theavailabledatawerelimited
tocommercialdata,andincompletedataatthat.In spiteof theshortcomingsin thedata,
hefoundsuchlargechangesthatheconcluded:“. . .barringgrossshortcomingsin the
statisticaldatabases,somefundamentalchangesin theresourcesandfisheriesappearto
haveoccurredsincetheturnof thecentury”(Shomura1987:13).Thechangesincluded
adramaticdeclinein thereportedlandingsof inshorespecies(whathetermed“coastal
species,” including the resourcesassociatedwith “embayments,nearshoreareas,and
reefs”),decreasingfrom 3.6million poundsin 1900to 0.6million poundsin 1986.A
declineof 44percentwasseenin thereportedlandingsof neritic-pelagicspecies(which
consistedprimarily of ‘ ōpeluandakule) during the sameperiod. Shomuraoffereda

‘ ōpelu

akule
numberof possiblecausesfor thedramaticchanges,includingthepossibilityof gross
shortcomingsin thedata,overfishing,shifts in exploitationpatternsamongresources,
andchangesin resourcebiomassdueto pollution or anthropogenicchangesto habitat,
including reductionof freshwater inflows, the lossof ponds,filling of mudflatsand
coastalareas,building of shorelinebulkheads,andcreatingsandbeacheswherenone
existedpreviously.
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WengandSibert (2000)examinedthe fisheriesfor ‘ ōpeluandakule in the Main
Hawaiian Islandsusingdatafrom the years1966 through1997. They concludedit
wasunlikely that eitherspecieswasoverfishedwith respectto maximumsustainable
yield. They alsofounda positive correlationbetweenprecipitationandthestocksize
of akule(with a two-yearlag) thatcouldexplain changesin stocksizeandcatcheson
timescaleswith strongclimaticsignals.

With respectto fishermenshiftingtheirattentionamongresources,Shomura(1987)
foundlargeincreasesin landingsof pelagicandslopeandseamountresourcesduring
the 1900-1986period, a trend he found to be expectedgiven the improvementsin
vessels,fishinggears,navigationalaids.Healsosuggestedthatthedramaticdecreasein
inshorelandings,particularof surgeonfishandparrotfish,might bepartially explained
by shifts in consumers’preferencescausedbothby changesin theethniccomposition
of Hawai‘i’ spopulationandtheincreasein thenumberof tourists.

Thevarioussetsof creelsurvey dataavailablefor thepost-1950periodcanbeused
to describefairly detailedattributesof exploitation patternsin certainareasandtime
periods. But the surveys would be useful in identifying temporalchangesonly if re-
peated,and only if their outputshave an acceptablyhigh degreeof precision. The
studiesconductedunderthe Main Hawaiian IslandsMarine ResourcesInvestigation,
and,if continuedfor a long enoughperiod,the Hawai‘i MarineRecreationalFishing
Survey, shouldyield estimatesof variousattributesof effort andcatchthatarecompa-
rableover time.

In summary, quantitativefisheriesdatacanbeusedto identify atleastgrosschanges
in Hawai‘i’ s inshoreexploitationpatternssince1900,andthedataaresuchthatmore
subtlechangescould be detectedfor the periodsince1950. For the periodprior to
1900only inventoriesof fishingmethodsandexploitedspeciesandcircumstantialin-
formationareavailable,but they havethepotentialto revealimportantshiftsin fishing
patterns.Thesinglemostpowerful typeof circumstantialinformationis humandemo-
graphicdata,which is relevantfor theentirehistoricalperiod.Informationaboutshifts
in people’s diets, prevailing social controls,and the characterof the local economy
could alsobe fruitfully appliedto entirehistoricalperiod. For the periodsince1900
it would alsobeimportantto take into accountinformationaboutexportsandimports
andchangesin theconditionof inshorehabitats.

4.3.4 Historical Changesin American Samoa

As describedin Section3.3, there is very little historical documentationof fishery
resourceexploitationpatterns—asidefrom a few descriptionsof fishingmethodsand
gearsused—atthe time of contact. Detailedwritten accountsof fishing gearsand
practicesappearnot to have emergeduntil themid- andlate1800s.It would therefore
bedifficult to usedataspecificallyaboutfisheriesin orderto directly identify changes
that took placebetweenthetime of contactandlaterperiodsfor which moredetailed
documentationis available.

Althoughthequalityandquantityof fishing-relatedinformationfor AmericanSamoa
improvedwith time,evenuntil the1970stheinformationwaslargelylimited todescrip-
tionsof fishingmethods,referencesto thedominantspeciescaptured,andqualitative
descriptionsof how muchfishingwasbeingdoneandhow muchfishwasbeingcaught.
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It wouldthereforebedifficult to usedataspecificallyaboutfisheriesto identify changes
in exploitationpatternsfrom thetimeof Europeancontactuntil aboutthepost-1950pe-
riod. Thecircumstantialinformationdescribedin Section3.3,however, couldbefairly
powerful.

Therearea numberof sourcesfrom the last quarterof the twentiethcenturythat
provide quantitative measuresof inshorefishery exploitation patterns,including ef-
fort andcatch.They includeHill (1978);Wass(1980);Ponwith(1992);DesRochers
andTuilagi (1993); Craig et al. (1993); Saucerman(1995b). Thesedirect quantita-
tivesourcesreliedoneithercreelsurveysor householdsurveys thatmeasuredonly the
then-currentexploitationpatterns,but several interview-basedsourcesexaminedpast
patterns,aswell (e.g.SeveranceandFranco1989;DesRochersandTuilagi 1993).Tu-
ilagi andGreen(1995),for example,providedmeasuresof temporalchangesin catch
thatwentbackasfarastheearliestmemoriesof theinformants—about70years.Some
of thefindingsin thesesourcesarehighlightedbelow.

Observationsfrom asearlyas1975pointedto a declinein inshorefishingactivity
andimportance:

Yet the reef fisheryof the presenthasdwindledin importanceandin di-
versityto thepoint thatsomepartsof it diving, line fishing)seemto beas
muchsportfishingassubsistencefishing(Hill 1978:6).

Hill (1978)andWass(1980)notedthatnew technologiesandimprovedgeareffi-
ciency hadcontributedtowardtheuseof moregeneralizedfishingmethodsin American
Samoa,andtraditionalmethodsandgearsdesignedto capturespecifickindsof fish in
particularkindsof locationswereno longerbeingused.

Given the six-fold increasein humanpopulationbetween1899and 1980, Wass
speculatedthat“[t]otal effort . . . is probablygreaterthanit wasat theendof thenine-
teenthcenturybecauseof the much larger population” (Wass1980:79). Wasscon-
cluded,however, thatper-capitaeffort haddeclined,ashadcatches,becauseof habitat
degradation,aswell asdecreasingdependency on inshoreresources.

Althoughit is notsurprisingthatper-capitainshoreeffort wouldhavedeclinedsince
Europeancontact,it is remarkablethat from 1979to 1994,a periodthat saw a steep
increasein humanpopulationsize,total inshorefishingeffort on Tutuila wasfoundto
declinesubstantially, asindicatedin thefollowing accounts.

Craigetal. (1993),basedprimarily onWass(1980)andPonwith(1992),described
an 8 percentdecreasein effort anda 26 percentdecreasein catch(54 percentif the
highly variablecatchof atule is ignored)in theshorelinesubsistencefisheryof Tutuila

atule
between1979and1991. Given the 46 percentincreasein humanpopulationduring
that12-yearperiod,theper-capitacatchon Tutuila droppedfrom 19.4to 9.8 pounds.
Reasonscitedfor thedeclineincludedsocioeconomicfactors(includinglessavailable
leisuretime, a shift in dietarypreferences,andan increasingpreferenceto buy fish
ratherthanto catchthem),possiblyoverexploitation(asevidencedby thedecreasein
catch-per-unit-effort), alongwith hurricanedamage,attritionof fishermen,andincreas-
ing importsof fish productsfrom SamoaandTonga.Two speciesthatwereexceptions
to the generaldeclinewereatule andpalolo. Saucerman(1995a)reportedthat from
1991to 1994,effort on the islandof Tutuila declinedabout30 percentandcatchde-
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creasedabout70 percent,althougha portionof the changescouldbe attributedto an
especiallyactiveatulefisheryin 1991.

Tuilagi andGreen(1995) investigatedchangeseven fartherbackin time—to the
earliestmemoriesof peoplethat they interviewed. They specificallyaskedabouthow
fishingfor reeffish,giantclams,andpalolohadchangedduringtherespondents’lives. palolo

All respondentsreporteddecreasesin catchesof giantclams,70 percentreportedde-
creasesin catchesof reeffish,and43 percentreporteddecreasesin catchesof palolo.

In summary, quantitativefisheriesdatacanbeusedto identify fairly detailedchanges
in inshoreexploitationpatternssince1979.Prior to thattime,only qualitativeaccounts
of inshorefishingpatternsareavailable,alongwith fairly detailedinventoriesof fish-
ing methodsandexploited species.Valuablecircumstantialinformation is available
for theentirehistoricalperiod,themostpowerful typebeinghumandemographicdata.
Qualitative informationaboutshifts in people’s diets,prevailing socialcontrols,and
thecharacterof the local economycouldalsobe fruitfully appliedto entirehistorical
period. For the periodsince1950it would be especiallyimportantto also take into
accountinformationaboutexportsandimportsandchangesin theconditionof inshore
habitats.

5 Long-Term Changesin InshoreResources

This sectiondiscussesthepotentialfor reconstructinglong-termchangein inshorere-
sources.From the archaeologicalpoint of view, this is a difficult task,althoughnew
methodsdrawn from foragingtheorymight yield usefulresults. Thesenew methods
have not beenappliedto collectionsin Hawai‘i andAmericanSamoa.Methodsof in-
ferring resourcecharacteristicsfrom historicalsourcesarereviewed,andthepotential
to describelong-termchangesfrom thereviewedsourcesis assessed.

5.1 Alter nativeAr chaeologicalExplanations for Faunal Change

Archaeologistshavenodirectway to estimatethecompositionof reeffishpopulations
from theremainsrecoveredat anarchaeologicalsite. Themeasuresdiscussedin sec-
tion 3 areall usedto estimatecharacteristicsof the sampleassemblage(seepg. 15),
which is severalstepsremovedfrom the living population.Instead,the interpretation
of changesover time in the relative frequency of taxadetectedin the archaeological
recordaregenerallyinterpretedwith referenceto ancillarydatathatarerelatedto the
identifiedchangewith a linking argument. For example,Kirch andYen (1982:292)
arguedthattheabsenceof morayeelsin thelatestfaunalcollectionsfrom Tikopiaand
their presenceearlierin the archaeologicalsequencewasdueto the impositionof an
ethnographicallyrecordedtabooon eels. Similarly, Dye (1990)usedarchaeological
evidencefor changesin fishinggearto explain a declinein the relative abundanceof
pelagicanddeeper-waterbenthicfishin archaeologicalcollectionsfrom theMarquesas
Islands.In bothof thesecasestherewasno reasonto suspectthat thefish taxawhose
relative abundancesin archaeologicalcollectionsdeclinedover time werealsodeclin-
ing in abundancein the wild. Recently, archaeologistshave adopteda prey choice
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modelfrom foragingtheoryto explain changesin relative abundancefor which ancil-
lary datafor interpretationarenot available(Butler 2001). This approachrankstaxa
accordingto their profitability to the fisherman,thentracksthe relative abundanceof
highrankingtaxato low rankingtaxa.Declinesin therelativeabundanceof highrank-
ing taxaare interpretedasprey resourcedepression.Onceprofitability criteria have
beenestablished,this type of approachcanbe usedwith existing collectionsasthey
are reportedin the literature. An exampleof the approachelsewherein the Pacific
is Butler (2001),who augmentsan argumentbasedon the prey choicemodel for re-
sourcedepressionin inshorefishingon MangaiaIslandin theSouthernCook Islands
with evidencefor a declinein bodysizeover time in a small sampleof Serranidae,a
high-rankingprey.

Prey sizeis anotherway to assesschangesover time in reeffish populations,inde-
pendentof informationon relative abundancesof taxa. This line of investigationwas
first pursuedin thePacificwith shellfish,whichwerefoundto declinein sizeatvarious
localitiesin thePacific(Swadling1976;Anderson1981;Kirch andYen1982;Spenne-
man1987),arguablydueto predationby humans.This wasfollowedin New Zealand
by several claimsthat fish sizealsodeclinedover time dueto over-exploitation (see
LeachandDavidson2001).Theinterpretationof changesin fishsizeis acomplex mat-
ter, however, possiblyinvolving “changesin fishing technology, changesin preferred
fishinggrounds,changingseaconditions,whichvariouslyinhibitedor permittedcanoe
fishingaway from thecoast,andchangesin surfaceseawatertemperaturesover time”
(LeachandDavidson2001:160).

5.2 Inshore ResourceCharacteristics fr om Historical Sources

This review generallyrefersto “populations”asthe resourceunit of interest,but the
samegeneralapproachesfor assessingthestatusof populationscanbeappliedto com-
munitiesandecosystems,aswell. Forexample,thespeciescompositionof anexploited
fish communityandthe ecologicaldynamicsamongspeciesandpopulationsmay be
attributesof interest.

In thestrictestsense,theterms“population,” “stock,” and“resource”havedifferent
meanings,but in the context of this review the distinctionsarenot overly important.
Briefly, “population” refersto a groupof interbreedingorganisms.“Stock” refersto a
groupof organismsthat is definedfor convenience’s sake with respectto assessment
and management,the ideal of which would be a population. “Resource”refers to
exploitedorganismsgenerally, includingstocks,communities,andecosystems.

5.2.1 Attrib utesto be Examined

Themostpertinentcharacteristicsof a fish populationor stockwith respectto exam-
ining fisheriesproductionareits size(e.g.,abundanceor biomass)andits potential,or
unfished,size.A population’spotentialproductivity is afunctionof inherentbiological
characteristicssuchasgrowth rate,recruitmentrate,andnaturalmortality rate.But its
actualfisheriesproductivity is a direct functionof its sizerelative to its potentialsize,
which is determinedby thefishingmortality rate(theproportionof thepopulationre-
movedby fishingperunit time), which is a functionof fishingeffort. Productivity is
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alsoa functionof moresubtleattributesof effort andcatch,particularlythefish sizes
(andagesandsexes)capturedrelativeto thepopulation’sunfishedsizestructure.Other
characteristicsof fishpopulationsandtheir relationshipto fishingpatternsmayalsobe
important,suchastheir spatial-temporalpatternsof migration,spawning,andrecruit-
ment,but this review will focuson theactualandpotentialsizesof populationsasthe
mostpertinentattributes.

Both the actualandpotentialsizeof a populationcanvary with time. A popula-
tion’spotential,or unfished,sizeis equivalentto theecosystem’scarryingcapacityfor
that particularpopulation. It is the size toward which the populationwould tend in
the absenceof fishing. The degreeof short-termvariability aroundthat valuevaries
accordingto thebiologicalcharacteristicsof thepopulation.Slow-growing, long-lived
species,for example, can be expectedto exhibit lessvariability than fast-growing,
short-livedspecies.More importantlyin thecontext of long-termassessmentsof pop-
ulationchange,theunfishedpopulationsize(or someusefultemporalaveragethereof)
canbe expectedto changeover fairly long time scales.Suchchangescould be of a
cyclical nature,correlatedwith climatic or oceanographiccycles(e.g.,ENSOevents).
They couldalsobe non-cyclical, the resultof relatively unidirectionalchangesin the
natureof thehabitator the largerecosystem.On thescaleof thousandsof years,im-
portantagentsof suchchangemight includevolcanicactivity, erosion,andsealevel
changes,which candramaticallyalter the sizeandcharacteristicsof inshorehabitats
(andthusthe potentialsizeandproductivity of particularpopulations).On the scale
of tensor hundredsof years,acutedisturbancesto habitat,suchasfrom storms,may
be important,andmorechronic factors,suchaserosionandsedimentation,canalso
be important. Anthropogenicimpactsto habitat,suchaspollution of inshorewaters
andland-clearingactivities that lead to erosionandsedimentation,canbe important
agentsof changeon thescaleof decades,centuries,andmillennia. Fishingitself, if it
substantiallyaltersthe structureor dynamicsof the largerecosystem,canalsoaffect
a population’s potentialsize. For example,thefishing-down of a predatorpopulation
might resultin anincreasein theunfishedsizeor carryingcapacityof a populationof
its prey.

5.2.2 Inf ormation Typesand Analytical Approaches

Thetypesof informationandcorrespondingapproachesthatareavailablefor describ-
ing resourceattributesandtrendsin thoseattributescanbeviewedasbeingon a con-
tinuum,rangingfrom direct to very indirect. For the purposeof this assessment,this
continuumis brokeninto threetypes.

In Situ Observations Oneof themostdirecttypesof informationavailableis in situ
observationof the resource.Modernunderwatervisual surveys typically rely on the
useof a samplingdesignthat is stratifiedby importantfactorssuchashabitattype.
Counts,andsometimeslengthmeasurements,of fish,by species,arecarriedoutwithin
relatively smallsamplingareas,andtheresultsareusedto generateestimatesof abun-
dance,biomass,and/orsizestructure,by species.Quantitative underwatervisualsur-
veys becamea commonapproachfor assessingshallow-water reef resourcesin the
last half of the twentiethcentury, but qualitative informationof this type goesback
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to thebeginningof thehistoricperiod. Examplesincludeaccountsof remarkablefish
schoolsor runsanddocumentationof yearsin which particularlylargeor small runs
(e.g.,recruitmentevents)wereobserved.Unfortunately, suchqualitativeaccountstend
to favor themoreconspicuousandspectacularevents,which maybeoneexplanation
for theapparentlyuniversaltendency to perceivefisheryresourcesin thepastasbeing
biggerandbetterthanin thepresent.

Catch and Effort Inf ormation A typeof informationaboutfish populationsthat is
only slightly removedfrom in situobservationsis catchandeffort data,suchascounts,
weights,andsizesof landedfish andassociatedmeasuresof fishing effort. This in-
formationcanbe collectedopportunisticallyfrom fishermenor it canbe collectedin
a moresystematicanddirectedfashion.An exampleof the latter is standardizedfish-
ing (often called “experimental”fishing), in which as many characteristicsof effort
aspossiblearekeptconstantor strictly controlledin orderto obtainstandardizedand
comparablemeasuresof suchattributesascatch-per-unit-effort. Onevariationis to fish
down thetargetpopulationsasrapidlyandfully aspossible,whichcanyield usefulin-
formationaboutthebiologicalattributesof thepopulations.Anothervariationis to take
biologicalinventoriesof waterbodiesthroughtheapplicationof poisons,electrocution,
andexplosives.

A large body of fish stock assessmentmethodologiesrelying on measurements
of variousattributesof effort andcatchhasdevelopedduring the last 50 years(e.g.,
seeAppeldoorn1996for a summaryof methodsparticularlyapplicableto reef fish).
Thedatathatareavailablefor mostof thehistoricalperiodsof Hawai‘i andAmerican
Samoaaresuchthat only relatively crudeassessmentapproaches,usingmeasuresof
fishingeffort, catch,andcatch-per-unit-effort (CPUE),particularlytemporalcompar-
isonsof suchmeasures,would beapplicable.This discussionthereforecenterson the
relationshipsbetweeneffort, catch,CPUE,andstocksize.

Effort canbeexpectedto benegatively correlatedwith stocksize.Inferencesabout
stockconditioncanthereforebe madeby comparingeffort measureswith reference
values.To identify changesovertime,obviouslythemostvaluablereferenceswouldbe
measuresfor thesameareafrom otherperiods.Also potentialusefulreferencevalues
wouldbemeasuresfrom otherareas(expressedonaper-unit-area,per-unit-timebasis),
andmany suchmeasuresareavailablein theliterature.

Catchcanbe expectedto be correlatedwith stockbiomassor abundance,but as
describedin Section3.1.2, the relationshipis complex, with catchpeakingat some
immediatelevel of effort. Making inferencesaboutresourcecondition is therefore
somewhatdifficult. For example,if yield (catchperunit areaper unit time) duringa
givenperiodis foundto belessthanyield duringapreviousperiod,two contrastingin-
ferencescouldbemade:stocksizeeitherincreasedor decreased.Knowledgeaboutthe
directionalchangein effort over thetime periodwould berequiredto concludewhich
of thetwo wasthemorelikely. As with effort, measuresof yield canbecomparednot
just over time, but with otherreferencevalues,aswell. Potentiallyusefulreferences
includeactualinshoreyieldsfrom otherPacificIslandsandestimatesof potentialyield,
suchasmaximumsustainableyield, madeelsewhere(e.g.Dalzell et al. 1996).Ideally,
thesetypesof yield comparisonswould take into accountasmany explanatoryfactors
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aspossible,suchasgeneralgeographiclocation,islandandhabitattype, andsizeof
thestudyarea.

Like effort, CPUEcanbe expectedto be fairly tightly (but negatively) correlated
with stocksize. Again, inferencesaboutstockconditioncanbe madeby comparing
CPUEmeasureswith referencevalues,particularlyvaluesrecordedfrom thesamearea
in otherperiods,but alsovaluesfrom otherareas,many of which areavailablein the
literature(e.g.Dalzell et al. 1996).For thepurposeof suchcomparisons,CPUEmea-
sureshavetheadvantageovereffort andcatchof notneedingto beconvertedto by-area
units.

Althoughmeasuresof CPUEarepotentiallyvery useful,their useasindicatorsof
stockstatuscanbeproblematic.First, the relationshipbetweenCPUEandstocksize
is unlikely to be linear, or even tight, acrossthe entire rangeof stocksize. Second,
tropicalinshorefisheriestypically involvemany fishingmethods,theunitsof effort for
which arenot strictly comparable.With respectto trackingtemporalchanges,this is a
problemonly if thecompositionof effort amongfishingmethodshasshiftedovertime.
Third, measuresof CPUEaretypically basedonsmallsamplesizes,sothey oftenhave
high degreesof uncertaintyassociatedwith them. Fourth, therearemany exogenous
factorsotherthanstockabundancethatinfluenceCPUE,andit is difficult to trackand
accountfor thesefactorsto theextentnecessaryto makemeaningfulcomparisons.

Another potentially importantrelationshipis that betweenfishing effort and the
speciescompositionof the exploitedfish community(e.g.,asreflectedin the species
compositionof thecatch).As notedin Section3.1.2,fishingtendsto targetthehigher
trophic levels, so the greaterthe fishing pressure,the smallerwould be the expected
contribution to the catchof the higher-trophic-level species,suchas the larger pis-
civores. Similarly, the relationshipbetweenfishing effort and the size structureof
particularpopulations(e.g.,asreflectedin thesizestructureof thecatchof particular
species)canbeput to use.As notedin Section3.1.2,fishingtendsto targetthe larger
sizedindividuals(with importantexceptions),so the greaterthe fishing pressure,the
smallerwouldbetheexpectedsizestructureof thecatchof a givenspecies.

As notedpreviously, thesizesof somepopulationsor stockscanbeexpectedto be
muchmorevariablefrom yearto yearthanothers,irrespective of fisheryexploitation
patterns.Whateverapproachis usedto evaluatetrendsin populationcharacteristicsand
however long the periodof interestis, it importantto take into accountany expected
naturaltemporalvariability. For example,anaccountof thecatchin asinglegivenyear
of Selarcrumenophthalmus, a nearshorepelagicspecies,would not be a very useful
indicatorof thesizeof thestockduringthatera.

Cir cumstantial Measures As emphasizedthroughoutSections3 and4, evenwhere
direct measurementsof effort and catchare lacking, theremay be information that
canbe usedasindirect measures.Most critically, sincestocksizeis inverselycorre-
latedwith fishingeffort, andfishingeffort andhumanpopulationsizearelikely to be
stronglypositively correlated,onecanexpecta strong(negative) correlationbetween
humanpopulationsize andstock size. In most casesit would be difficult to deter-
minetheexactnatureof theserelationships,in which caseabsoluteestimatesof stock
biomassor abundancewould be unattainable.But the high degreeof certaintyin the
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directionsof theserelationshipsmeansthat even measuresof humanpopulationsize
alonecanserve asusefulindicatorsof trendsin stocksize. Of course,asdiscussedin
Section3.1.2,themoreexplanatoryfactorsthatcanaccountedfor, thebetter. Again,
importantfactorsmight includeshifts in the distribution andcompositionof human
population,changesin people’sdiets,changesin socialcontrolsoverfishing,andshifts
in the amountsof fish exportedandfood productsimported. For sometime periods,
changesin thepotentialsizeandproductivity of theresourcearelikely to beespecially
importantto consider, suchaschangesresultingfrom environmentaldisturbance,habi-
tat degradation,or habitatenhancement.

Severalmarket-basedindicatorsof stockstatusmayalsobeavailable.For example,
priceis generallystronglyrelatedto scarcity, sofish pricescanbeusedto make infer-
encesaboutthe statusof fish populations.Similarly, wherefishing rights are traded
on anopenmarket, thevalueof thoserights,andindirectly, thestatusof theexploited
stocks,canbe inferred. Examplesfrom Hawai‘i includethe fishing rights that were
tradedin the latterpartof the nineteenthcenturyandthe rentalmarket for fishponds.
The utility of thesemarket-basedapproachesis limited by the fact that the market is
shapedby demandaswell assupply, sowithout informationabouttrendsin demand,
informationabouttrendsin valuewould have limited utility.

5.3 The Potential to DescribeLong-Term Changesin Inshore Re-
sources

It is relatively difficult to infer changesin fisheryresourceswith archaeologicaland
historicaldata.Eventoday, stockassessmentwith gooddataon characteristicsof the
catchis asmuchart as it is science.With the patchyandoften inconsistentdataof
archaeologyandearly historicalrecords,the difficulty of the taskis multiplied. This
sectionassessesthepotentialfor Hawai‘i andAmericanSamoa,focusingon thekinds
andqualityof dataavailablefor variousperiods.

5.4 The Prehistoric Period in Hawai‘i and American Samoa

The archaeologicalrecordof AmericanSamoahas,at present,little or no potential
to describelong-termchangesin inshoreresources.In the singleanalysiswith some
potentialalong theselines, Nagaoka(1993) found the remainsfrom the To‘agasite
to bemarkedby stability, ratherthanchange.Thus,investigationof this issuewould
appearto requirethecollectionof additionalfaunalmaterialfrom eitherwell-datedor
well-stratifiedarchaeologicalsites.

Thearchaeologicalrecordof Hawai‘i hassomewhatgreaterpotential,but this has
so far goneunrealized.The lack of reporteddataon sizesof vertebrateandinverte-
brateremainsblocksapotentiallyfruitful avenueof investigation;progressalongthese
lineswill requireeitherre-examinationof extantcollections,or achangein thereport-
ing practicesof Hawaiian archaeologists.Anotherline of inquiry, moreimmediately
promisingthanthe investigationof changesin size,is the applicationof prey choice
modelsfrom foragingtheory. The initial resultsof this type of analysison a collec-
tion of shellfishfrom a Hawaiian archaeologicalsitewerereportedto theSocietyfor
Hawaiian Archaeologyin October, 2003,with resultsthat indicatedno evidencefor
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changein the resourceat a site on the north coastof Kaua‘i Island(Morrison2003).
An appealof theapproachis thatit canbeappliedto publisheddata,without theneed
to re-examinecollections.Theapproachis relatively novel, however, andhasnot yet
beensubjectto scrutiny andcriticism. It is thustoo early to predictwhetherit might
becomeestablishedasanacceptablemeansof usingarchaeologicalmaterialsto track
trajectoriesof resourcedepressionandrejuvenation.

5.4.1 Hawai‘i—1778 to 1900

Theaccountsof earlyvisitorsto Hawai‘i do not providevery rigorousmeasuresof the
conditionof inshoreresources.Therearemany anecdotalreferencesto the sizeand
productivity of inshoreresources,but they aregenerallysuperficialandlackinguseful
framesof reference.Scientistsonsomeof thevoyagescollectedmarineorganisms,but
with their focuson thediversityof species,theresultsarenot very helpful in termsof
resourceabundance.

Althoughqualitativeandquantitativemeasuresof effort, catch,andCPUEaregen-
erally lacking for the early historicalperiod, therearea few that may be useful, in-
cludingtheexamplesof snapshotCPUEmeasuresin theliteratureidentifiedby Scobie
(1949). They includeCPUEmeasuresfor netting(Deering1899;Cobb1902),cray-
fishdiving (Cobb1902),sharknoosing(Bryan1915),flying fishnetting(Corney 1896;
Campbell1816),theuseof a lau, or leaf,method(Corney 1896),andlimpet andperi-
winkle gathering(Ellis 1836). Scobie(1949)alsocompiledestimatesof annualcom-
mercial catchesper person,by fishing method,for native Hawaiian fishermenonly,
basedon dataprovidedby theU.S.FishCommission.

As describedpreviously with respectto fishery resourceexploitation patterns,a
promisingapproachfor identifying at leastgrosschangesin the size of inshorere-
sourcesduring the pre-1900periodwould be to usehumanpopulationsize—andits
geographicaldistribution—asaproxy. Inferencesmadein thismannercouldberefined
by accountingfor even just directionalchangesin suchfactorsasthe compositionof
effort amongfishing methodsandsocial controls,asdescribedin previous sections.
Certainchangesto thebiophysicalenvironmentmayalsobeimportantto consider, in-
cludingthesedimentationof estuariesandinshorewatersdueto clearingof coastaland
uplandforests.

5.4.2 Hawai‘i—1900 to 1950

Thefirst half of thetwentiethcenturysaw documentationof commerciallandingsdata
in additionto the kinds of qualitative fisheriesinformationthat wereavailablein the
pre-1900period. The landingsdatawerenot accompaniedby rigorousmeasuresof
effort soit would bedifficult to usetrendsin landingsto make inferencesabouttrends
in resourcesize. But crudemeasuresof effort areavailablein the reportednumbers
of fishinglicensesissued(e.g.Cobb1902,1905b).Therearealsoa few accountsthat
lookedspecificallyat temporalchanges:

The faunaof the reefs is much lessabundantthan in the period of the
first extensiveexplorations,thoseof Dr. OliverP. Jenkins,in 1889,andof
JordanandEvermannin 1901.Probablynospecieshadbeenexterminated
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by overfishing,but many oncecommonhave now becomerare (Jordan
et al. 1927).

During a 1938 investigation,Bell andHiggins (1939) found anecdotalevidence
pointingto adeclinein theabundanceof inshorefisheryresources,causedbothby fish-
ing too intensively andwith methodsthatwereindiscriminatewith respectto species
and sizescaptured. Most of the evidencewas in the form of views “expressedre-
peatedlyby membersof the fishing industry, sportsmen,businessmenandlegislators
whowereinterviewedindividually or whovolunteeredinformationin publichearings”
(Bell andHiggins1939:14).

Titcomb(1972)reviewedavarietyof mostlyqualitativesourceswith respectto the
historicalabundanceof fish. Most of the sourcessuggestedgreaterabundancein the
past.

Cobb(1902,1905b)provideddetailedinformationon pricesof fish in the major
marketsof Hawai‘i at the turn of the century. He was one of many observers that
remarkedon the high pricesof fish. JordanandEvermann(1902)attributedthe high
pricesto overfishing.Others,includingmuchof thepublic,blamedthemon collusion
amongthefish dealers.In fact, theterritorial governmentinvestigatedthatpossibility
in the 1930s(Bell andHiggins 1939). Whatever the basisfor the remarkablyhigh
prices,further investigationalongtheselines might leadto useful informationabout
theconditionof Hawai‘i’ s inshoreresources.

The dataprovided by Cobb (1905a)on the value of fishing rights, which were
openly traded,might be useful with respectto the value—andthereforescarcity—
of inshoreresources.Cobbmadegeneralcomparisonsamongthe islandsandwithin
islands,suchasstatingthat “[p]ractically no effort is madeto collect rent for any of
the fisheryrights of Hawaii” (Cobb1905a:760),due in part to the sparsenessof the
populationandlackof markets.Healsoprovidedtheannualamountspaidin or around
1900for theright to acquireparticularfisheryrights,rangingfrom $20for fisheryrights
to anareaat Kaua‘i to $1,375for therightsto two areasnearHonolulu. He attributed
the high price for the latter to “the excellentmarket at Honolulu” (Cobb1905a:759).
Henotedthatthevalueof many fisheryrightsin theislandswereof insufficientvalueto
berentedatall. Thelackof amarketfor fisheryrightsin otherareas,suchasaroundthe
islandof Hawai‘i, heattributedin part to the“disinclinationof thepeopleto payrent”
(Cobb1905a:760).Thelattermaybea reflectionof theerosionof thelegal durability
of therights.

5.4.3 Hawai‘i After 1950

Like the first half of the twentiethcentury, mostof the fisheriesdataproducedin the
secondhalf werelimited to commerciallandingsdata.However, sinceabout1948,the
landingsdatawereaccompaniedby measuresof effort. Effort wasrecordedonly to
the level of fishing-tripsor fishing-days,ratherthanfishing-hours. But the fact that
commercialfishingactivities werecensused(albeit imperfectly)ratherthansampled,
combinedwith the long time seriesthat is available,meansthat the CPUEestimates
shouldbequiteusefulfor identifying trendsin resourcesize. It is likely that thedata
alsosuffer from lumpingof multiple species.Still, if substantialchangesin resource
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sizeoccurred,they shouldbeapparentin thesedata.
In reviewing the inshorefisheriesof theMain HawaiianIslands,Smithconcluded

that “in heavily populatedareas,fishing pressureappearsto exceedthe capacityof
inshoreresourcesto renew themselves”(Smith1993:34),andthat“the mostdisturbing
trendis towardssteadilyincreasingfishingeffort in inshoreecosystemsthatarealready
heavily exploited” (Smith1993:47).

Many in situobservationsof inshoreresourceshavebeenmadesince1950,in both
theMain Hawaiian IslandsandtheNorthwesternHawaiian Islands.Beingsampling-
basedmethods,the resultstendto have sizablelevels of uncertaintyassociatedwith
them,but they shouldprovide a usefulbasisfor trackingchangesover time. In a few
instances,in-waterestimatesof resourcesizehave beenaccompaniedby effort, catch,
andCPUEdata,which providesa direct meansof assessingthe sizeof the resource
relative to its potentialsize(e.g.,by examiningthe proportionof the stockthat is re-
movedperunit of time). Unfortunately, theestimatesgeneratedby in situobservations
andfisheriesdataareoftenrelatively impreciseandsometimesbiased,sodirectcom-
parisonsof this typemight not beuseful.

Onechallengein examiningtrendsin measuresof resourcesize,whetherthey be
in-waterestimatesof abundanceor CPUEestimates,is distinguishingthe effectsof
fishingfrom othereffects,suchashabitatdegradation.For example,Shomura(1987)
citedoverfishing,pollution, andvariousformsof habitatdegradation,aswell asshifts
amongtargetspeciesanddataproblems,aspossiblecausesof thelargedeclinessince
1900in commerciallandingsof certaintypesof fish, includinginshorespecies.

As for circumstantialsourcesof information about the condition of inshorere-
sources,thepost-1950periodis fairly richly documented,andthis informationshould
proveusefulin combinationwith theavailablein situandfisheriesdata.Fairly detailed
informationis availableon humandemographics,controlsrelatedto fishing, exports
of fish andimportsof foodproducts,thecompositionof people’sdiets,andchangesto
thebiophysicalenvironment.

5.4.4 American Samoato 1900

Theaccountsof earlyvisitors to Samoado not provide very rigorousmeasuresof the
conditionof inshoreresources.Therearea numberof anecdotalreferencesto thesize
andproductivity of inshoreresources,but they aregenerallysuperficialand lacking
usefulframesof reference.For example,therecordedobservationsof JohnWilliams, a
prominentmissionarywhovisitedSamoain 1830and1832,donotdelvemuchdeeper
thanthestatement:“The coastaboundswith fish andturtle, andtheSamoansareex-
ceedinglyexpert in catchingthem” (Williams 1840:130). Scientistson someof the
voyagescollectedmarineorganisms,but with their focuson the diversity of species,
theresultsarenot veryhelpful in termsof resourceabundance.

As describedpreviously with respectto fishery resourceexploitation patterns,a
promisingapproachfor identifying at leastgrosschangesin the size of inshorere-
sourcesduring the pre-1900periodwould be to usehumanpopulationsize—andits
geographicaldistribution—asaproxy. Inferencesmadein thismannercouldberefined
by accountingfor even just directionalchangesin suchfactorsasthe compositionof
effort amongfishingmethods,asdescribedin previoussections.
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5.4.5 American Samoa—1900to 1950

Quantitativeinshorefisheriesdataarelackingfor thefirst half of thetwentiethcentury,
so like the pre-1900period,anecdotalaccountsof resourcesizeandfishing success
areamongthemostvaluablesources,asarethesourcesof circumstantialinformation
identifiedfor thepre-1900period.With respectto theconditionof Samoa’scoralreefs,
Mayor (1924)providedwhatappearsto bethefirst setof quantitative information.

5.4.6 American Samoa—After 1950

Thereare a numberof sourcesthat provide information about the condition of in-
shoreresourcesandchangesthereinin thepost-1950period.Sourceswith quantitative
measuresof CPUEor in-waterestimatesof resourcessizeincludeHill (1978);Wass
(1980);Ponwith(1992);DesRochersandTuilagi (1993);Craiget al. (1993);Saucer-
man(1995b,a); Green(1996). Additional sourceswith eitherqualitative assessments
of inshoreresourcesconditionor synthesesof previousinvestigationsincludeVanPel
(1956);SeveranceandFranco(1989);Green(1997);AmericanSamoaCoralReefTask
Force (1999); WesternPacific Regional FisheryManagementCouncil (2001). For
themostpart, thesesourcespointedto increasinglydepletedinshoreresources.Most
sourcesimplicatedboth overfishingandhabitatdegradationascausalfactors. A few
examplesfollow.

Craig et al. (1993),relying primarily on Wass(1980)andPonwith(1992),found
a substantialdeclinein CPUEin theshorelinesubsistencefisheryof Tutuila between
1979and1991andcited fishing asa likely causalfactor, but alsohurricane-related
damageto coralreefs.

Saucerman(1995a)found that from 1991to 1994,CPUEdeclinedabout60 per-
cent,althoughpartof thedeclinecouldbeattributedto anespeciallyactiveatulefishery
in 1991.Saucermannotedthatalthoughthedeclinein CPUEmayhavebeenindicative
of overfishing,habitatdegradationprobablyalsocontributedto the declinein CPUE
andcatch. A lack of any noticeablechangein the speciescompositionof the catch
or the sizestructuresof the catchof principal specieswerecited asevidencepoint-
ing to causesother thanoverfishing. Saucermanalsonotedthat dramaticchangesin
the relative abundanceon the reef of certainnon-foodfish species,asdeterminedby
underwatersurveys(seeGreen1996),providedfurtherevidenceof habitatdegradation.

Green(1997)foundevidencein varioussourcesthatthemoreaccessiblecoralreefs
wereseriouslyover-fished.Thereportnotedthatthecoralreefswererecoveringfrom a
seriesof naturaldisturbances,aswell asa numberof chronichuman-inducedimpacts,
including alterationof shorelineandcoastalhabitats,uplanderosionandconsequent
sedimentation,andpollution. Shorelinealterations,combinedwith the harvestingof
turtlesandeggs,was reportedto have resultedin seriousdeclinesin populationsof
greenandhawksbill seaturtles.

As for circumstantialsourcesof information about the condition of inshorere-
sources,thepost-1950periodis fairly richly documented,andthis informationshould
proveusefulin combinationwith theavailablein situandfisheriesdata.Fairly detailed
informationis availableonhumandemographics,controlsrelatedto fishing,exportsof
fish andimportsof food products,andchangesto thebiophysicalenvironment.With
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respectto thelatter, thereis a substantialamountof informationfor thepost-1950pe-
riod abouttheconditionof thecoastalandinshoreenvironmentsof AmericanSamoa.
Sourcesinclude quantitative in-water assessmentsof coral reefsand their resources
(Dahl andLamberts1977;Green1996)anddescriptiveaccountsof changesin thein-
shoreenvironment,particularlyadversechangesassociatedwith naturaldisturbances,
shorelinealteration,sedimentation,andpollution (e.g.Craig et al. 2000b). Thereare
alsorecordsof the numerousacutedisturbancesto coral reefsthat have taken place
in the last few decades,including outbreaksof crown-of-thornsstarfish(Acanthaster
planci) (Wass1979),coralbleachingevents(Craig1995b),andseverestorms(Green
1996).

6 Potential Applicability to Other Pacific Islands

This sectiondiscussesin very generaltermsthe potentialapplicability of the archae-
ologicalandhistoricalmethodsdiscussedabove to otherPacific islands.Becauseap-
plicability is very closelytied to thequantityandquality of availabledata,which vary
considerablyamongandwithin islandgroups,the commentsareintendedasgeneral
guides,ratherthanspecificindicationsof potential.

6.1 Demography

Archaeologicalmethodshave beenappliedto the populationof New Zealand(Mc-
Fadgenet al. 1994),wherethe resultsof archaeologicalresearchareabundant. The
archaeologicalmethodshave not beenappliedto otherislandgroupsin thePacific, to
ourknowledge,andit is unlikely thatotherislandgroupshaveyieldedsufficientdatato
supportapplicationof themethods.On islandswith a relatively longhistoryof human
settlement,suchasSamoaandislandsfartherto thewest,intensive landusepractices
overalongtimehavehadamarkedeffectonthesurvival of thekindsof archaeological
remainsneededto reconstructdemography, thusensuringthatfutureapplicationof the
methodswill, in any case,befraughtwith difficulty.

Thepicturebrightensfor thehistoricalperiod,wherethework of McArthur (1968),
Rallu (1990),Pool (1991),andothershasyieldeda largebodyof seriousscholarship
on thedemographicsof thehistoricerafor many Pacific islands.

6.2 Patternsof Fishery ResourceExploitation

Thepotentialapplicabilityof archaeologicalmethodsfor estimatingpatternsof fishery
resourceexploitationonotherislandsof thePacificdependson thequalityandamount
of faunaldatareportedfor thoseislands.Many islandgroupshavericherfaunalrecords
thanAmericanSamoa,which hasseenrelatively little archaeologicalwork on faunal
remains. Few, if any, islandgroupswill have the large quantityof dataavailable in
Hawai‘i. In generalterms,islandgroupswith relatively largeexpansesof calcareous
soilswill yield largerandbetter-preservedfaunalcollectionsthanwill volcanicislands
with limited depositsof calcareoussediment.The quality of the faunaldataarealso
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influencedby theunits of quantification.NISP is thepreferredunit of quantification.
BothMNI andweightpresentproblemsthatwould hindercomparativework.

Hawai‘i andAmericanSamoasharedwith mostotherPacificIslandgroupsmany of
thesameexperiencesduringtheir historicalperiods:in mostcases,contactwasmade
by Europeanexplorers,tradersfollowed,cash-basedplantationeconomiesdeveloped,
colonial powersestablishedthemselves,andultimately eitherintegrationor indepen-
dencewasachieved.Therewere,of course,importantdifferencesamongislands,such
asthecharacteristicsof their inshoreresources,their demographichistories,their sys-
temsof authority, theireconomies,andpeople’spreferencesamongfoodproducts.But
the quality of informationaboutthosecharacteristicsis probablysimilar throughout
thePacific Islands,sothemethodsdescribedherearelikely to have thesamepotential
andthesameconstraintsin mostof thePacific Islands.

6.3 Temporal Changesin Fishery ResourceExploitation

Thepotentialto describechangesin fisheryresourceexploitationwith archaeological
materialsfrom otherPacific islandsis subjectto thesamelimitationsasthedescription
of patternsof resourceexploitation, discussedabove, with the additionallimitations
imposedby uncertaintiesin datingandthepossibleabsenceof stratifiedarchaeological
sitesthat would affect the ability to order faunalcollectionschronologically. These
latterlimitationsareeasedsomewhatfor theislandswestof Samoa,which arecharac-
terizedby archaeologicalsitesthatyield ceramics.Ceramic-bearingsitesarerelatively
easyto placein chronologicalorder, andfaunalcollectionsfrom thesesitesmight be
usedproductively in acomparativeanalysis,evenabsentprecisedatingby meansother
than the kind(s) of pottery they yield. Islandseastof Samoagenerallylack pottery,
requiringa heavier relianceon y%z C datingmethods.

As with thepotentialto describeexploitationpatterns,themethodsdescribedhere
for identifying changesin exploitationpatternsfrom historicalsourcesshouldalsobe
applicablethroughoutmostof thePacific Islands.

6.4 Long-Term Changesin the Condition of Inshore Resources

Theability of archaeologicalmethodsto tracklong-termchangesin theconditionof in-
shoreresourcesis wholly dependentontheability to placefaunalcollectionsin chrono-
logical order, andtheconsiderationsnotedin theprevioussectionapplyhereaswell.
Thereare two potentialapproaches.Tracking changesin the sizesof animalsthat
makeupthecatchwill involvere-examinationof archivedcollectionsfrom appropriate
sitesto collectthesizeinformation,which is not routinelyreportedby archaeologists.
Applicationof prey choicemodelsfrom foragingtheoryhave theadvantagethat they
do not requirere-examinationof collections,but will work with publisheddata. The
potentialdrawbackof this approachis that it hasnot beensubjectto thescrutiny and
criticism thatwill determinewhetherit becomesanacceptedmethodin archaeology.

The methodsdescribedherefor identifying changesin the condition of inshore
resourcesfrom historicalsourcesaregenerallyapplicableanywhere,including other
Pacific Islands. The outputs,naturally, would dependon the type andquality of the
availabledata.
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7 Summary and Conclusions

Sourcesof archaeologicalinformation for Hawai‘i appearto be sufficient to charac-
terizepatternsof fishery resourceexploitation, chart at leastsomechangesin these
over time,andinvestigatelong-termchangesin inshoreresources.Theliteraturecon-
tainssomeexcellentcharacterizationsof patternsof fisheryresourceexploitation for
local areas,and thesecould be usedasmodelsfor the re-analysisof the large body
of materialthat hasbeencollectedfrom throughoutthe islands. An analysisof this
sortmight beexpectedto identify andcharacterizebroadregionalpatternsof resource
exploitation tied to characteristicsof the nearshoremarineenvironment. The investi-
gationof changeover time is poorly developedin Hawaiianarchaeology, andresearch
into changingpatternsof resourceexploitation would necessarilydealwith probably
small subsetsof the availabledatachosento meetthe fairly strict datarequirements
of establishedmethods.Theprimaryproblemhereis likely to centeron thedifficulty
of arrangingarchaeologicalfaunalcollectionsin chronologicalorder. Oncethis is ac-
complished,however, indicationsof changearelikely to be found,asthey have been
in severalPacific Islandgroups.Investigationsof patternsof resourcedepressionand
rejuvenationwill requireeithera re-examinationof existingcollections,or application
of methodswhoseutility is not yet establishedin the Pacific. Work alongtheselines
couldproveimportantfor Hawaiianarchaeologyandyield advancesin theanalysisand
interpretationof faunalremains.

Archaeologicalcollectionsfrom AmericanSamoaoffer little of the potentialof
thosefrom Hawai‘i. A crediblecharacterizationof thepatternof resourceexploitation
on oneislandin the Manu‘a grouphasbeenpublished,but this collectionyieldedno
evidencefor changeover time. If furtherprogressis to bemadein AmericanSamoa,
it will requireanexcavationprogramdesignedto recoversuitablecollectionsof faunal
remains.

Not surprisingly, thefartherbackin time onelooksthefewer andlessquantitative
arethe historicaldataaboutinshoreresourcesandexploitation patterns.4 In Hawai‘i
andAmericanSamoa,thepost-1950periodproduceda rich collectionof quantitative
informationthathasrevealedimportantaspectsof, andchangesin, exploitationpatterns
and the conditionof inshoreresources.Furthersynthesisof existing sourceswould
probablyrevealadditionalcharacteristicsandchanges.Thefirst half of the twentieth
centurysaw fairly detaileddocumentationof the commercialcomponentof inshore
fisheriesin Hawai‘i, but virtually no quantitative informationaboutnon-commercial
fisheriesin eitherHawai‘i or AmericanSamoa. Up to the beginning of the twenti-
eth century, documentationaboutinshoreresourcesandfisheriesis mostly limited to
anecdotalinformation.

Althoughtheinshorefisheriesinformationis relatively limited for mostof thepre-
1950period,theavailableinformationaboutthe broaderpolitical andeconomiccon-
ditions in which HawaiiansandSamoanslivedis detailedenoughto provide valuable
cluesaboutfisheryresourcesandexploitationpatterns.Mostcritically, thereis reason-
ably goodinformationaboutthesizeanddistribution of thehumanpopulation.Even

4Historical eventsandtrendspotentially importantfor the interpretationof patternsandchangesin in-
shorefishingarelistedin appendixA.
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on its own, that informationcanbeusedto revealgrosstrendsin effort andcatchand
theconditionof inshoreresources.Thisapproachis likely to beespeciallypowerful for
theperiodprior to thetwentiethcentury, becausewith justafew exceptions,therewere
essentiallyno exportsof inshoreresourcesand no imports of substitutefood items.
Therearealsomany accountsof thesocialnormsthatshapedfishingpatterns,includ-
ing marinetenurepatterns,systemsof civil andreligiousauthority, andspecificrules
governingaccessto, anduseof, fisheryresources.Although it is difficult to identify
therootcauseof fishing-relatedcontrols—forexample,whetheror not they evolvedin
responseto resourcescarcity, this informationcanat leastbeusedto infer someof the
likely outcomesof suchcontrols. Finally, in the caseof Hawai‘i, observationsabout
the existenceanduseof fishpondscanprovide importantinformationnot only about
pondproduction,but alsoabouttheuseandconditionof inshoreresourcesin general.

A Historical Eventsand Trends

Listed below aresomeof the moreconspicuouseventsandtrendsin the historiesof
Hawai‘i andAmericanSamoathatmayhave hadimportanteffectson inshorefishery
exploitation patternsandinshoreresourcessincethe late 1700s. A few examplesof
findings and quotesrelatedto theseeventsare also given. Theseexamplesdo not
compriseanexhaustive assessmentof theseeventswith respectto inshorefisheries—
they are intendedonly to highlight a few of the possibleways in which they were
connectedto inshorefisheriesandresources.

A.1 Hawai‘i

• Materialsandideasintroducedby explorers,missionaries,whalers,andtraders,
startingin 1778

Campbell(1816)reportedthatby 1809the king hadhis own forge, iron goods
werein generaluse,andwire hookswerebeingusedto catchaku.

• Thegradualcentralizationof authoritythatbeganbeforeEuropeancontract,cul-
minatingin Kamehameha’s takingcontrol of all theMain Hawaiian Islandsby
1810

“Kamehamehaestablisheda patternof more centralizedrule to overcomethe
Hawaiian tendency to rebel . . . controlledthe sandalwood trade. . . appointed
loyal governorson the outlying islands. . . centralizedthe religious system”
(Langlas1998:171).

• Early impactsof Westernersoncustomarysystemsof authority

The authority of the chiefs began to be underminedeven upon the arrival of
Cook’s shipsat KealakekuaBay. Cook’s arrival occurredin a seasonin which
boatsshouldnot have beenabout,but his breachingof the local rulesbrought
no ill to the crew: “Quite unconsciouslyCook had challengedthe regulative
mechanismsof the societyand exposedthe prescriptive devices to criticism”
(Scobie1949:272).
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• Overthrow of thekapusystem,in 1819

• Humanpopulationdecline,reachinga low of about0.05million peoplein 1876,
andits reboundthroughthetwentiethcentury, reachingabout1.2million in 2000

• The sandalwood trade,which peaked in the 1820sandendedby mid-century
with thedepletionof sandalwoodtrees

Merlin (1998:170):“. . .by 1827heavy taxes,paid in sandalwood, werebeing
levied on commoners. . . in order to retire a debtof $500,000owed American
merchantsfrom spendingby KamehamehaII.” “Largenumbersof peoplewere
forcedto abandontheir subsistenceactivities to searchfor wood, andWestern
visitors reportedseeingprocessionsof 2,000-3,000men carrying sandalwood
down from theforests.”

Culliney (1988) suggestedthat the virtual disappearanceof pearlsfrom Pearl
Harborafter the 1820smay have beendueto the estuarybecomingespecially
turbidasa resultof sandalwoodfelling in its watershed.

• The tradein sandalwoodandthesubsequentdevelopmentof Hawai‘i asa base
for whalersdriving theshift from a subsistenceto acasheconomy

Reynolds (1835)observed in 1832 that it hadbecomecustomaryfor fish and
othercommoditiesto be sold in a squarenearHonolulu’s waterfront. In 1851
Honolulu’sfirst regularmarkethousefor fisheryproductswasbuilt (Cobb1905a).

Referringto the500whalingshipsthatvisitedHawai‘i for provisionseachyear
during the heyday of whaling, MacDonaldremarked “[w]hereasin the 1820s
tradehadbeenunderthecontrolof thechiefs,by the1850sindependentfarmers
paidmarket feesto tradewith visiting vessels”(MacDonald1998:172).

• Theprocessof urbanization,startingat Waimeaon Kaua‘i andKealakekuaBay
onHawai‘i immediatelyafterCook’svisit, thenin theearlyandmid-1800sshift-
ing to Lahainaon Maui andHonolulu on O‘ahu with the developmentof the
whalingindustryin thePacific

“By 1860,22 percentof the Hawaiian populationlived in Honolulu” (Langlas
1998:174).

“. . . thegrowth of thetownsincreasedthedemandfor fish atparticularpoints.It
greatlystimulatedfishingactivities in pondsadjacentto themaincenters. . .At
thesametime theincreasedlocaldemandin nearbyfishingareaswasthebegin-
ningof overfishing” (Scobie1949:286).

• Theconversionto Christianity, whichgreatlyacceleratedin the1830s,following
closelybehindtheabandonmentof muchof the indigenousreligioussystemby
decreeof themonarchy

Becausetherewerefewersacreddaysin theChristiancalendarcomparedto the
numberobservedpreviously, “the adventof Christianityheld the possibility of
increasing[fisheries]production”(Scobie1949:283–284).
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• The establishmentand developmentof centralizedfishing rules, startingwith
KamehamehaIII’ s 1839 set of fishing-relatedlaws, including the division of
fishinggroundsamonghimself,thelandlordsor konohiki, andthecommoners

“His majestytheKing herebytakesthefishinggroundsfrom thosewhonow pos-
sessthemfrom Hawaii to Kauai,andgivesoneportionof themto thecommon
people,anotherportion to the landlords,anda portion he reservesto himself”
(quotedin JordanandEvermann1902:361).

• The māheleof 1848-1850,resulting in the land interestsof Hawaiiansbeing
privatizedandableto beheldby foreigners

“The 10 ali‘i nui [high chiefs],24 kaukauali‘i , or lesserchiefs,and218kono-
hiki, or land stewards,were all requiredto give up 50 percentof landsthey
administeredto thegovernment.Themajority of thegovernmentlandwassold
to foreigners”(Kame‘eleihiwa1998:173).

“Understandingthatland,waterandinshorefisheriesmanagementcannotfunc-
tion separatelyon remotePacific Islands,theimpactsandenvironmentalconse-
quencesof the Maheleextendto the depthsof fisheriesadministration,conser-
vation,andmanagementin Hawai‘i today” (Lowe2003:33).

• Theuseanddeclineof fishponds

“Complaintswerefrequentlyheard. . . thatpondoperators,insteadof augment-
ing thefish supply, wereactuallycontributing to its destructionby greatlyover-
stockingthepondswith youngfish” (Bell andHiggins1939:9).

The shift of peopleto the towns resultedin the deteriorationof fishpondsfar
from thetowns(Scobie1949).

• The introductionof new materialsandmethods,including facemasks,torches,
andin about1890,thecastnet

• Theremarkablyhigh fishprices

“The fisheriesof Honoluluarerapidly falling off in amount,with a correspond-
ing rise in the pricesof fish, which arenow perhapshigher than in any other
seaporttown in theworld. Onecauseof thefalling off is to befoundin overfish-
ing within a limited area”(JordanandEvermann1902:371).

“The visitor to Honoluluis immediatelyimpressedwith therelatively highprice
of fishontheretailmarkets.Thisconditionhasobtainedfor solongaperiodthat
it hasreceiveda greatdealof public attentionandduringthepastyearhasbeen
the subjectof an inquiry by a specialinvestigatingcommitteeof the Territorial
Legislature”(Bell andHiggins1939:12).

• Theformationof theRepublicof Hawai‘i andannexationby theUnitedStates,
in 1898

“Under theRepublictheWhite establishmentwasfirmly in power: few Hawai-
iansandno Asians,or Whiteswithout property, weregiventhevote. Thelands
of themonarchy(crown land),designatedaspublicpropertyundertheRepublic,
becamepartof governmentland” (Langlas1998:177).
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• Thedevelopmentof thesugareconomyandimmigration,particularlyin thelate
1800sandearly1900s

“Whereasin 1876Asiansmadeup only 4.5 percentof thepopulation,by 1890
they were33percentandby 1900,56percent”(Langlas1998:1998).

Scobie(1949:266)notedthatwithin 100yearsof Europeancontact,thefisheries
weredominatedby foreigners:“The Hawaiianshadvirtually disappearedfrom
thefishingindustry.”

Observingthesituationin 1937,Bell andHiggins(1939:14):“Thus 51 percent
of the [licensed]fishermenin Hawaii are aliensascomparedwith 49 percent
citizens,despitethefactthatmany restrictionsareplacedon alienfishing.”

Immensequantitiesof canned,salted,smoked,anddriedfisheryproducts,such
assalmon,cod,skipjack,mackerel,herring,sardines,shrimps,lobsters,oysters,
clams,mullet,etc.,areimportedandconsumedby thepeople,particularlyonthe
sugarplantations”(JordanandEvermann1902:379).

• Theexpansionof commercialinshorefishing to theNorthwesternHawaiianIs-
lands,includingits beginningsin thefirst few decadesof the1900s,theintensive
but short-livedpearloysterfisheryat PearlandHermesAtoll in the late1920s,
developmentof theakulefisheryin the1950s,thegeneraldeclineof Northwest-
ernHawaiianIslandsfishingin the1960sand1970s,andtherapiddevelopment
of theNorthwesternHawaiianIslandslobsterfisheryin the1980s

Describingthe resultsof a biological survey in 1930,threeyearsafter the ini-
tiation of thepearloysterfisheryat PearlandHermesAtoll, Galtsoff (1933:40)
concluded:“At presentthis minimum[break-evendaily collectionrate] cannot
be attainedat PearlandHermesReef, for the oysterpopulationhasreacheda
dangerouslylow limit andis threatenedwith extinction.”

Remarkingon thevariousvesselsinvolvedin commercialfishing in the North-
westernHawaiianIslandsin the1930sandfollowing World War II, Iversenetal.
(1990a:9)stated:“However, besidesbottomfishing,thesevesselsalsofishedfor
lobsters,reeffishandinshorespeciesandturtles. . . ”

• World War II, with its suddenanddramaticchangesto theeconomicandregula-
tory environments

“With the entry of the United Statesin the SecondWorld War camethe impo-
sition of areaandtime restrictionson fishingactivities in Hawai‘i thatvirtually
eliminatedoffshoreharvestingoperations”(Schug2001:29).

• Therapidincreasein coastaldevelopment,particularlysincethe1950s

Shomura(1987)citeda numberof importantimpactsof suchdevelopment,in-
cludingreductionof freshwaterinflows,thelossof ponds,filling of mudflatsand
coastalareas,building of shorelinebulkheads,andcreatingsandbeacheswhere
noneexistedpreviously.

• Therapidincreasein tourism,particularlysincethe1950s
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• Thecontinuingdevelopmentof controlsoninshorefishing,includingthedefacto
marineprotectedareasestablishedasa consequenceof thestrongmilitary pres-
ence

“Fully-protectedno-take reservesin the MHI have beenshown to have higher
standingstocksof reef fishescomparedto areaswherefishing is permittedor
areaswith partialprotectionfrom fishing . . .yet thesereservesaccountfor less
than1% of theareasurroundingtheMHI” (Friedlander2003:230).

• Theintentionalandincidentalintroductionof alienspecies,includingmangroves
anda numberof marinefishes,includingta‘ape(Lutjanuskasmira)

• Theincreasein thefrequency of inter-islandjet flights in the1970s,encouraging
marketing in Honoluluof fish from otherislands,andthe increasein air traffic
betweenHawai‘i andboth the U.S. mainlandandJapan,openingnew markets
for freshHawai‘i fish

• Changesin theprevalenceof ciguatera

“Jacksasagroupbecameassociatedwith ciguateradueto anumberof poisoning
casesassociatedwith kahala(Serioladumerili), a favorite target of bottomfish
fishermenuntil theconcernsof ciguaterain the1980sin Hawai‘i. Thedangers
posedby ciguaterain jacks as a group and the potential legal liability posed
by the saleof suchfish causedthe main fish markets in Hawai‘i to refuseto
handlesuchfish from 1990onwards. Consequentlytargetingof jacksdropped
considerablyafterthis period” (FriedlanderandDalzell 2003:179–180).

“Spearfishersandshorelinegathererson Kaua‘i shareconcernsaboutciguatera
with local kupuna. All agreethat its incidencehasincreasedin recentyears
. . .Thegoodnews is that,while ciguaterainhibits humanfish consumptionand
sales,it is a strongdeterrentto overfishingandmay be relatively harmlessto
otherpredatoryspeciesin thecoastalzone”(Lowe2003:46).

• Coastaldevelopmentin thelasthalf of thetwentiethcentury, resultingin substan-
tial alterationof coastlinehabitat,uplanderosionandconsequentsedimentation,
land-basedpollution,anddivertedstreams

RegardingtheMain HawaiianIslands,Lowe(1995a:685)concludedthatdespite
all the detrimentalimpactsto the marineenvironmentstemmingfrom coastal
developmentand other non-fishingactivities, “overfishingstill constitutesthe
driving forcein thedepletionof inshorefisheries.”

Shomura(1987) identified anthropogenichabitatdegradationandpollution as
two possiblecausative factorsfor the apparentlymassive declinein Hawai‘i’ s
catchesof inshoreresourcesfrom 1900to 1986. But he also identifiedshort-
comingsin the available data,overfishing,andshifts amongtarget speciesas
otherpossiblecauses.

• Fishstockenhancementandhabitatenhancementactivities in thelasthalf of the
twentiethcentury
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“. . .experimentalreleases[of moi, Polydactylussexfilis] have madesignificant
contributionsto O‘ahurecreationalmoi fishery” (Ziemannetal. 2003:203).

“Thousandsof [tire-and-concretefish habitat]moduleswereaddedto theexist-
ing artificial reef sites,resultingin a dramaticincreasein fish communitiesin
theseareas”(Ziemannet al. 2003:203).

A.2 American Samoa

• Materialsandideasintroducedby theearlyvisitors,startingin 1722

Thehighvalueof metalfishhooksappearsto bereflectedin theexperienceof the
crew of theWilkesExpedition,who, uponlandingon Ta‘u, “were immediately
surroundedby Samoanswanting to tradefor fishhooksandtobacco”(Holmes
1974:13). Upon trying to leave the island,“The king andseveral otherchiefs
climbedinto theship’s longboatandrefusedto leave until they weregivengifts
of fishhooks”(Holmes1974:13).

• The activities of missionaries,startingin 1828, resultingin the conversionof
mostSamoansto Christianityby 1900

“Beginningwith their projectof reducingthe Samoanlanguageinto writing in
1834,theLondonMissionarySocietyworkershavehada profoundimpactboth
religiouslyandeducationallyuponSamoanlives” (Holmes1974:12).

With respectto impactsonSamoa’ssocialandpolitical systems,however, Holmes
arguedthat “[w]hat wasundoubtedlythemostdevastatinginfluencefor change
on mostPolynesiancultures—thecomingof Christianity—hadlittle effect on
the social structureof Samoa,sinceSamoanculture had lessinvestedin reli-
gioussanctions”(Holmes1974:96).Further, “it waspossiblefor thesocietyto
acceptanotherreligion without affecting the statusor authorityof the chiefs”
(Holmes1974:95).

• Thedevelopmentof commercialplantations,startingabout1850

• Theimpositionof theU.S.colonialadministrationin 1900andconsequentchanges
to traditionalsystemsof authority

Many observershavefoundSamoansto bemoreconservativethanotherPolyne-
siansocietieswith respectto retainingtheir customs,particularlytheir custom-
ary systemsof authority. Basedon observationsmadein 1927,Te RangiHiroa
concludedthat“[e]xcept for thedoingawaywith someof thehighestranks,cor-
respondingto thatof pettykingsandprovocativeof war in graspingpower, the
introductionof a foreign culturehasmadelittle fundamentaldifferenceto the
basisof Samoansociety” (Hiroa 1930:5).Further, “[p]ersistenceof customhas
led to theretentionof muchnativematerialculturein Samoa”(Hiroa 1930:6).

Gray(1960)recounteda striking casein 1900of theU.S.Naval administration
depriving a chief of his authorityafterthechief punishedamanfor not comply-
ing with thecustomaryobligationsregardingthedistribution of thecatchof atu
(Katsuwonuspelamis).
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• Theintroductionof improvedfishinggearsandmethods

Wass(1980)notedthat new fishing technologiesandimprovedgearefficiency
hadcontributedtowardstheuseof moregeneralizedfishingmethods.Traditional
methodsandgearsdesignedto capturespecifickindsof fishin particularkindsof
locationswereno longerbeingused.Wassalsofounda decreasein therelative
amountof fishingbeingdoneby groupsversusindividuals.

Scubagearstartedbeingusedfor inshorecommercialfishingin 1995.Until the
practicewasbannedin 2001,it wasfound to yield twice the catch-per-unit-of-
effort asfreediving (AmericanSamoaEnvironmentalProtectionAgency nd).

• World War II, with PagoPagoa majornaval base

• Increasedpost-World War II interestandinterventionby thefederalgovernment,
startingwith the administrative transferfrom the Navy to the Departmentof
Interior in 1951,thereorganizationof theeducationsystemin the1960s,andthe
openingof PagoPagoInternationalAirport in 1962

“This metamorphosishasacceleratedover the last threedecades,for the in-
creasedWesterninterestin thePacific which accompaniedandfollowedWorld
War II hasprompteda secondwave of changecomparablein magnitudeto that
experiencedduring the early colonizationof Pacific islandsby nationsof the
West” (Hill 1978:2).

• Emigrationto Hawai‘i andtheU.S.mainland,with 1,300peopleleaving in 1951
afterthedismantlingof thenaval basePagoPago,andby theendof thetwentieth
century, about250,000Samoansliving outsideof Samoa

• Severestorms,suchasin 1915,1986,1990,and1991

HurricaneOfa in 1990andVal in 1991destroyedmostcoralgrowth down to a
depthof 10-15metersin mostplacesaroundTutuila (Maragoset al. 1994).

• Crown-of-thornsoutbreaks,suchasin 1967-70,1977-80,and1982-85

The crown-of-thornsoutbreakof 1978led to lossesof up to 95 percentof the
livecoralin many areas(Wass1979).

• Coralbleachingevents,suchasin 1994and1998

In somelocations,the1994coralbleachingeventaffectedmostof thecoralsthat
remainedafter the damagecausedby the previousstormsandcrown-of-thorns
outbreak(Craig1995b).

• Urbanizationandthe shift away from a subsistenceeconomy, accompaniedby
increasinginputsof federalaid,particularlyduringthelasthalf of thetwentieth
century

Wolf ManagementServices(1969)identifiedfederalaid andremittancesfrom
family membersliving abroadastheprimarycomponentsof theeconomy.

Wass(1980:78): “Cannedand frozen fish, poultry and meatare an attractive
alternative to self-caughtfish becausethey areconvenientto purchaseandstore,
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offer a variety of taste,make excellentgifts for weddings,funeralsandother
cultural functions,andconvey a senseof prestigeto thosethatusethem” (Wass
1980:78).

Craiget al. (1993)andSaucerman(1995a)reportedsubstantialdeclinesin fish-
ing effort andcatchfrom 1979to 1994.In additionto identifying habitatdegra-
dationandoverfishing(asevidencedby a decreasein catch-per-unit-effort) as
possiblecausesof thedecline,theformer reportcitedsocioeconomicfactorsas
beingimportant,including lessavailableleisuretime, a shift in dietaryprefer-
ences,andan increasingpreferenceto buy fish ratherthanto catchthem. The
reportalsonotedincreasingimportsof fish productsfrom SamoaandTonga.

• Developmentof the commercialfishing and fish processingindustry, starting
with theestablishmentof theVanCampSeafoodCompany canneryin PagoPago
in 1954andthe StarKist canneryin 1963, the developmentof the bottomfish
fishery in the 1980s,and the rapid developmentof the locally basedlongline
fleetin the1990s

• Coastaldevelopmentduringthelastquarterof thetwentiethcentury, resultingin
substantialalterationsto coastlinehabitat,uplanderosionandconsequentsedi-
mentation,andland-basedpollution

Saucermanreviewedmeasuresof variousattributesof effort andcatchfrom 1991
through1994—includingsubstantialreductionsin effort, catch,andcatch-per-
unit-effort, aswell asfindingsof underwatercoral reefsurveys andotheranec-
dotal information,andconcludedthat “[s]ome of the dataindicatethat habitat
degradationis thecauseof thedeclinein thefishery” (Saucerman1995a:447).

• Populationgrowth, with thepopulationof Tutuila growing from about5,000in
1900to morethan60,000in 2000

Citing a populationgrowth rateof 2.5 percent,Craig et al. (2000b:769)stated
that“[p]erhapsthemostseriousenvironmentalandsocialproblemfacingAmer-
icanSamoais its uncontrolledpopulationgrowth” (seeCraig1995a;Craigetal.
2000a).

Given the high rateof humanpopulationgrowth, it is remarkablethat fishing
effort (andcatch)in theshorelinesubsistencefisherydeclinedsubstantiallyin the
lasttwo decadesof thetwentiethcentury(Craigetal. 1993;Saucerman1995a).
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B Shellfish Identified in Ar chaeologicalReports fr om
Hawai‘i

Source Weight (g)
Sullivanet al. (1996:78) 285818
Barrera(1989a:222) 142840
Donham(2000:7.76) 126333
O’HareandGoodfellow (2003:180) 120900
Hay etal. (1986:4–106,4–135) 64876
Jensen(1990b:100) 62302
DunnandRosendahl(1992:29) 52159
Corbin(2000b:67) 50210
Rosendahl(1973:6tables) 40197
Fredericksenet al. (1998:136) 39590
Hammattet al. (2000a:21,22,24,25) 34594
Jensen(1990a:60) 30277
YentandOta(1983:57,59,61) 29342
YentandEstioko-Griffin (1980:517–519) 17211
Henryetal. (1992:19) 16018
Hammattet al. (2000b:154) 15767
Cleghorn(1975:29) 13107
Walker andRosendahl(1988:170–81) 12919
Henryetal. (1997:200–215) 12498
Davis andSpear(2002:AppendixA) 12478
Toenjes(1986:31,67,75,90) 11815
Rosendahl(1972:36,39,59,63,67,73,77) 11395
Jensen(1991a:23) 10637
Jensen(1992:A-50) 10299
Donham(1998:B-3–B-8) 9311
Donham(1987:113,114) 8001
Hammattet al. (1992:98,99) 7003
Corbin(2000a:38) 6736
HammattandMeeker (1979:38) 6374
Rechtman(1998:34,35) 6276
Dunnetal. (1995:A-55,A-59) 6233
LeboandClark (1997:146–148) 5978
PantaleoandClark (1992:38) 5680
FredericksenandFredericksen(1995:41) 5289
Spear(1993:36) 5268
Hammattet al. (1985a:120) 5103
Walker andHaun(1989:20,21) 5017
Hartzell(1997a:145–147) 4195
Kennedyet al. (1994:C1) 4177
Dye etal. (2002b:232) 4099
Hammattet al. (1994a:46–48,B-10) 4096
RobertsandRoberts(2001:AppendixC) 3999
McDermottetal. (1993:234) 3913
Hammattet al. (1994a:B-10) 3852
O’HareandWolforth (1998:Section2) 3733
Walker et al. (1996:89) 3689
HammattandCraddock(1992:136) 3588
Griffin andLovelace(1977:145) 3536
Elmoreet al. (2001:C4) 3489
Rosendahl(1999a:45,46) 3326
Robinset al. (1998:105) 3311
Carson(1998:A-1) 3300
Komori (1987:48,62) 3165�

Long table(s)without totals,weightsnot tallied.
continuedonnext page
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continuedfrom previouspage
Source Weight (g)
Donham(1989:105) 3116
Headetal. (1995:B-21) 3108
RechtmanandClark (2002:18,26) 3097
HammattandClark (1980:71–76) 3024
Colin andHammatt(2003:51–53) 2955
Pantaleoet al. (1992:100–102) 2899
Hommon(1983a:28) 2774
Davis (1991:63) 2772
Cleghorn(1976:54) 2691
Ayres(1970:45) 2612
Clarket al. (1997:389) 2583
Walker andRosendahl(1992:94) 2542
Fredericksenetal. (1993a:18) 2508
Donham(1990b:35) 2427
Estioko-Griffin andLovelace(1980:133–137) 2425
Borthwicket al. (1997:87) 2419
Kirch (1973:22) 2394
Buffum andSpear(2002:AppendixB) 2298
Barrera(1989b:5) 2264
JensenandDonham(1988:73,77,88) 2256
Borthwicket al. (1999:71) 2245
Jensen(1994:83) 2213
Walker et al. (1985:118) 2199
Charvet-PondandRosendahl(1992:32) 2194
HammattandToenjes(1991:118) 2138
RosendahlandHaun(1987:54,56) 2085
Hammattetal. (1984:78–79) 2020
JensenandGoodfellow (1993:30) 1996
Burgettetal. (1996:57) 1931
Heideletal. (1998:40) 1916
Hammattetal. (1995:233) 1879
Yentet al. (2000:69,70) 1877
Yent(1991:36) 1874
Major et al. (1995:72) 1861
Lass(1995:21) 1837
Rosendahl(1999b:15pages) 1796
Buffum andDega(2001:AppendixB) 1756
RechtmanandWolforth (2000:22,23) 1701
Landrumet al. (1990:57) 1698
Schilt andDobyns(1980:90) 1697
O’HareandGoodfellow (1999:84) 1692
Donham(1992:75) 1668
HammattandShideler(1992:40) 1665
Hammattetal. (1986b:75) 1632
SchilzandAllen (1996:88) 1624
Goto(1986:323) 1614
Yeomans(2001:AppendixA) 1602
Hammattetal. (1987a:94) 1558
Goodwin(1994:vol. 2, 226) 1544
Yeomansetal. (2001:AppendixE) 1540
CleghornandCox (1976:31) 1523
AthensandMagnuson(1998:28–30) 1518
Clark (1987:74,76) 1509
Hammatt(1979c:42) 1441�

Longtable(s)without totals,weightsnot tallied.
continuedonnext page
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continuedfrom previouspage
Source Weight (g)
Donham(1986:44,46) 1426
DenhamandPantaleo(1997b:AppendixA) 1421
Donham(1990d:39) 1402
Rosendahl(2001:16,20,22) 1369
DunnandSpear(1998:C-1) 1312
Carson(1999:AppendixC) 1307
SpearandSinoto(1993:26) 1252
Walker et al. (1988:105–108) 1183
Headet al. (1994b:46) 1165
Headet al. (1994a:24) 1156
Hammattet al. (1985b:30) 1101
GravesandFranklin(1998:46) 1083
Welch(1988:B-3) 1054
Wolforth et al. (2000:23,24,33,36) 1045
Williams etal. (2002:AppendixB) 1031
Walker andHaun(1987:37) 994
Hammatt(1979a:70) 965
Berdyet al. (2001:43) 965
Mooreet al. (1997a:24) 963
Hammatt(1991b:18) 929
Strideetal. (2003:68) 856
FredericksenandFredericksen(2001a:55) 855
Wickler andTuggle(1997:150) 841
DenhamandKennedy(1993:22) 799
Mastersonetal. (1997:AppendixIIIB) 784
Durstetal. (2001:94) 784
Davis (1984:81) 775
Rosendahlet al. (1983:17,18,20) 742
Perzinskiet al. (2000a:108) 740
Hommon(1979:16) 717
Tomonari-Tuggle(1994:50) 705
FredericksenandFredericksen(2002a:61) 699
ElmoreandKennedy(2002:AppendixC) 688
GravesandGoodfellow (1993:59) 684
Elmoreet al. (1999:B-8–B-10) 680
Jensen(2000:12) 660
RosendahlandDelimont(1988:3) 658
HaunandHenry(2001:11) 656
Barr et al. (1994:240) 648
CarlsonandRosendahl(1990a:13) 642
Jensen(1991b:26) 637
Hammattet al. (1985c:60) 613
FredericksenandFredericksen(1996:18) 586
ChaffeeandSpear(1994:61) 585
ConnollyIII (1980:57) 584
Kirch (1979:43) 578
Rolett(1992:7) 578
Latiniset al. (1997b:35) 577
Hammattet al. (1987b:58) 576
DunnandRosendahl(1989:26) 571
Lee-Grieg (2002:3–25) 570
Dicks andHaun(1987:32) 570
Barrera(1995b:32) 562
FredericksenandFredericksen(2000a:68) 547�

Long table(s)without totals,weightsnot tallied.
continuedonnext page
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Source Weight (g)
Dye(1977b:24,25) 520
Rechtman(2000b:11–32) 496
Beardsley andKaschko (1998:43,44) 484
Colin et al. (1995:28,29) 484
HeadandRosendahl(1995:41) 469
Dixon etal. (2000:216) 466
McDermottandHammatt(2000:AppendixA) 458
Spear(1992a:18) 454
Hommon(1983b:107) 445
Athens(1991:102) 438
DonhamandKai (1990:15) 431
Hammattetal. (1986c:64) 429
Denhametal. (1992d:19) 429
Cox (1976:68) 421
SpearandRosendahl(1987:51) 418
McDermottetal. (2000:AppendixB) 412
Bushnelletal. (2003:AppendixC) 383
Haunetal. (2002:16,17) 383
McDermottetal. (2001a:AppendixA) 382
ElmoreandKennedy(2000c:40) 369
Jones(2001:154) 360
Rechtman(2000a:21) 358
DunnandRosendahl(1991:28) 352
Creedet al. (1995:46) 349
Headetal. (1996:52) 348
Colin et al. (1996:126,127) 344
Athens(1983:39) 342
DonhamandWalker (1990:28) 332
Walker et al. (1991:26) 325
Kaschko (1991:37,45) 324
Spear(1996:41,55,99) 314
Robinsetal. (2000:116) 311
FredericksenandFredericksen(2000b:82) 302
CarlsonandRosendahl(1990c:27) 300
Hammattetal. (1986a:66) 291
Allen-Wheeler(1981:67) 281
Kolb et al. (1997:207) 276
WulzenandWolforth (1997:19) 275
ClarkandRechtman(2002:22,27) 274
Kennedyetal. (1992b:23) 262
AndersonandSchilz(1998:61) 258
HurstandAllen (1992:124–127) 256
Colin andHammatt(1997:10) 253
Spear(1987:24) 250
CorbinandGothar(2000:27–28) 246
Crozier(1971:5) 245
RechtmanandHenry(1999:16) 244
MooreandKennedy(1994b:A4) 244
McDermottandHammatt(1997:25–27) 237
Fredericksenetal. (1993b:12) 230
ClarkandRechtman(2001:14) 230
Corbin(2001:37) 220
Davis (1989:72) 217
HammattandShideler(1984:33) 217�

Longtable(s)without totals,weightsnot tallied.
continuedonnext page
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continuedfrom previouspage
Source Weight (g)
ElmoreandKennedy(2000d:D-1–D-3) 213
Rosendahl(2000:35,38,40,42) 210
McNeill (1988:42) 204
HaunandHenry(2000:30,38) 203
ElmoreandKennedy(2001a:18) 202
ElmoreandKennedy(2000b:37) 201
Headet al. (2003:32) 200
Perzinskiet al. (2002:225) 189
FredericksenandFredericksen(2000c:15) 188
Barrera(1995a:12) 186
Miller (1993:113–137) 185
Dangetal. (1993:17) 183
Winieski et al. (2002:200) 175
Denhamet al. (1992b:26) 174
FredericksenandFredericksen(1997:46) 168
HammattandShideler(1989:31) 165
MooreandKennedy(2002:A6) 164
Denhamet al. (1992c:53) 158
Hammatt(1979b:46) 153
Elmoreet al. (2002:C1) 150
LeboandMcGuirt (2000a:98,99) 149
O’HareandGoodfellow (1994:73) 143
Latiniset al. (1997a:67) 142
Hammattet al. (1996:33,34) 139
Gravesetal. (1998:33) 136
Perzinskiet al. (2001:37) 132
Athens(1988:61) 131
ShunandStreck(1982:11) 129
Dye (1977a:6) 119
WulzenandGoodfellow (1995:38) 118
CarsonandSpear(1999:A-1) 115
Welch(1989:17) 113
Zulick et al. (2000:171) 104
Floodet al. (1994:138–145) 101
O’HareandRosendahl(1993:46) 98
FagerandGraves(1993:27) 98
SinotoandTitchenal(2002:60) 96
McDermottetal. (2001b:60) 94
BorthwickandHammatt(1994:34) 91
HammattandFolk (1980:92) 91
HammattandBorthwick (1986:63) 86
Borthwicket al. (1994a:44) 81
CrozierandBarrera(1974:37) 81
Rechtmanet al. (2002a:21,30) 80
BorthwickandHammatt(2001:68) 80
Walker andRosendahl(1998:24) 79
Folk etal. (1998:51) 77
Shun(1992:53) 75
McIntoshandCleghorn(2000:60) 75
Spear(1992b:18) 73
Carter(1989:10–14) 70
Hammattet al. (1994c:143–149) 69
ElmoreandKennedy(1999:20) 68
FredericksenandFredericksen(2002b:88) 62�

Long table(s)without totals,weightsnot tallied.
continuedonnext page
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continuedfrom previouspage
Source Weight (g)
Bonk (1988:13) 61
Erkelens(1996:93) 59
SpearandBurgett(1999:AppendixD) 57
Hammatt(1991a:56,58) 56
FredericksenandFredericksen(2000d:44) 49
DunnandRosendahl(1993:14) 44
Dunnet al. (1999:A5) 44
Major andKlieger(1996:76) 44
Hammattetal. (1993:36) 42
Perzinskietal. (2000b:29) 39
Tomeet al. (2002:A-5) 37
Walker andGoodfellow (1991:13) 33
Dyeet al. (2002c:105) 32
Firor andRosendahl(1994:43) 31
ElmoreandKennedy(2000a:22) 30
McGertyet al. (1997:62) 27
Borthwicket al. (1994b:68) 23
Weisler(1989:45–46) 23
HenryandGraves(1993:21) 23
Rosendahl(1983:21) 23
RechtmanandDougherty(2002:13) 19
MooreandKennedy(1995:A4) 14
Dockall (2003:41) 13
Donham(1990a:17) 13
MooreandKennedy(2003:A-2) 12
Haun(1986:85) 11
YeomansandFager(2000:42) 10
Devereuxet al. (1998:57) 10
KennedyandDenham(1992b:20) 8
Neeset al. (1998:27–28) 7
Eblé et al. (1995:10–13) 7
MooreandKennedy(1994a:23) 7
Firor andRosendahl(1991:25) 6
Watanabe(1986:n.p.) 5
ElmoreandKennedy(2000e:AppendixC) 2
Elmore(2000:36) 1
Jensen(1990c:24)

�
BarreraandHommon(1972:36–52)

�
ClarkandRiford (1986:91–94)

�
DenhamandPantaleo(1997a:AppendixB)

�
HammattandFolk II (1981:179)

�
Kennedyetal. (1992c:42–44)

�
KennedyandDenham(1992a:31–33)

�
KennedyandDenham(1992c:23)

�
Landrum(1993:48–51)

�
Mooreetal. (1993:80)

�
Putziet al. (1998:105,106)

�
Rechtmanet al. (2002b:229,249,308,315,329)

�
Sinoto(1976:AppendixI)

�
Tuggle(1994:54)

�
Tuggle(1995:139–146)

�
Kennedyetal. (1992a:156–162)

��
Longtable(s)without totals,weightsnot tallied.



72 C UNIDENTIFIED SHELLFISH

C Shellfish Listed but Unidentified in Ar chaeological
Reports fr om Hawai‘i

Source Weight (g)
Rosendahletal. (1987:V-38) 33049
Ladefoged(1990:165) 18431
Jonesetal. (1994:98) 17746
Tuggle(1993:210) 17624
Hammattet al. (1998:112) 14776
Hammattet al. (1994b:160) 7215
Hammatt(1989:22) 6149
McGertyandSpear(1996:82) 3943
Riford (1984:16) 3489
CorderoandDega(2001:D-1-3) 3337
Hammattet al. (1988:72) 2632
Bushetal. (2001:125) 1804
Fredericksenet al. (1994:30) 1752
Toenjeset al. (1992:118) 1604
Wolforth andWulzen(1998:2–23) 1330
AthensandSilva (1983:102) 1174
Haun(1978:69) 907
Ziegler (1990:104) 653
Hammattet al. (1978:93) 580
Cordy(1978:82) 407
McIntoshandPantaleo(1998:94) 404
BurgettandSpear(1996a:21) 389
FredericksenandFredericksen(1992:18) 271
BurgettandSpear(1996b:25) 201
Colin etal. (1998:58) 162
Denhamet al. (1992a:23) 160
CordyandAthens(1985:45) 70
HammattandIda (1992:32) 61
Borthwicketal. (1992:120) 58
Folk et al. (1994:55) 50
DunnandSpear(1995:32) 30
Barrera(1998:9) 18
FredericksenandFredericksen(2001b:57) 15
Devereuxetal. (1998:57) 10
ElmoreandKennedy(2001b:27) 6
Donham(1990c:14) 4
Robinset al. (1994:151) 2
Williams (1989:33) 0



73

D Identified Fish Reported as NISP in Ar chaeological
Reports fr om Hawai‘i

Source NISP Comment
Dyeetal. (2002b:378) 32052
Wickler andTuggle(1997:143) 26860
Ziegler (2000:5.17–5.30) 23963 Goodcomparative collection
Davis andSpear(2002:AppendixA3) 7404
Henryet al. (1997:221–224) 5313
Goodwinet al. (1996:103) 4261
Hartzell(1997b:134,135) 3543
Goto(1986:329–334,345–349,399–408) 3516 Only identifiedfragmentscounted
Rechtman(1998:35,36) 1981
RechtmanandWolforth (2000:25) 1687
Davis (1991:60,61) 1108
Hayetal. (1986:7C-3,4) 993 Only identifiedfragmentscounted
KennedyandDenham(1992a:35–42) 661
Rosendahl(1999a:49,50) 621
Hartzell(1997a:142) 316
Putzietal. (1998:108) 315
Rolett(1992:6) 282
Tuggle(1995:154–159) 173
RosendahlandCarter(1988:76) 158
Durstetal. (2001:100) 119
Shun(1992:54,55) 74
Haunet al. (2002:20) 33
McDermottet al. (2001b:61) 25
RechtmanandClark (2002:27) 16
Dyeetal. (2002c:106) 4
Tuggle(1994:53) 0 Longtableswith no totals



74 E IDENTIFIED FISH REPORTED AS WEIGHTS

E Identified Fish Reported asWeights in Ar chaeologi-
cal Reports fr om Hawai‘i

Source Weight (g)
Goodwin(1994:vol. II, 284) 14372
ElmoreandKennedy(2000d:E-1) 11525
O’HareandGoodfellow (2003:197) 6250
Burgettet al. (1996:57) 1656
Hammattet al. (2000b:155) 1457
Barrera(1989a:223) 678
JensenandGoodfellow (1993:33) 647
Goodwinet al. (1996:104) 620
Henryet al. (1992:19) 542
Jones(2001:159) 487
GravesandGoodfellow (1993:63) 312
Mooreet al. (1997a:20) 311
Hammattet al. (2000a:21,22,24,25) 273
McDermottet al. (2000:AppendixB) 235
ElmoreandKennedy(2000e:AppendixD) 208
Elmoreetal. (2001:D3) 128
Kennedyet al. (1994:C2–C5) 122
Walker etal. (1996:90) 110
Clark (1987:75,77) 91
Mooreet al. (1997b:53) 90
Williams et al. (2002:B) 90
Hammattet al. (1987a:94) 82
JensenandDonham(1988:73,79,88) 79
Elmoreetal. (1999:B-7) 68
Floodet al. (1994:138–145) 63
McGertyet al. (1997:62) 62
Rosendahletal. (1983:17,18,20) 60
Kirch (1973:23) 49
Yeomansetal. (2001:AppendixF) 46
Dunnetal. (1995:A-55) 45
Headet al. (1995:B-18) 42
Jensen(1994:83) 40
DenhamandKennedy(1993:23–38) 36
Robinsetal. (1998:105) 33
Clarketal. (1997:400) 33
Kolb etal. (1997:225) 32
SpearandSinoto(1993:26) 25
Buffum andSpear(2002:AppendixC) 25
Hammattet al. (1994c:143–149) 24
McDermottet al. (2001a:AppendixA) 23
Folk andHammatt(1991:61) 23
Landrum(1993:48–51) 22
Buffum andDega(2001:AppendixC) 20
Robinsetal. (2000:117) 18
ElmoreandKennedy(2002:AppendixB) 17
ChaffeeandSpear(1994:61) 16
RosendahlandDelimont(1988:4) 16
Hammattet al. (1995:233) 14
McDermottet al. (1993:234) 14
McNeill (1988:44) 11
FagerandGraves(1993:27) 9

continuedonnext page
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continuedfrom previouspage
Source Weight (g)
Carson(1999:AppendixD) 9
Miller (1993:113–137) 8
DunnandSpear(1998:D-1) 7
Athens(1983:40) 7
Headet al. (1994a:24) 7
O’HareandGoodfellow (1994:73) 6
Hammattet al. (1987b:58) 4
Berdyet al. (2001:41) 4
Headet al. (1996:52) 3
Headet al. (1994b:46) 3
KennedyandDenham(1992c:16) 3
Winieski et al. (2002:200) 3
ElmoreandKennedy(2001c:A-7) 2
Dye andMurakami(1998:43) 2
ElmoreandKennedy(2000b:39) 2
Mooreet al. (1993:79) 2
Hommon(1979:17) 1
HeadandRosendahl(1996:34) 1
BorthwickandHammatt(2001:68) 1
SinotoandTitchenal(2002:61) 1
HeadandRosendahl(1995:41)

�
WulzenandWolforth (1997:20)

�
MooreandKennedy(2003:A-2)

�
Eblé etal. (1995:10–13)

�
Clark andRiford (1986:88–94)

�
DenhamandPantaleo(1997a:AppendixB)

�
Estioko-Griffin andLovelace(1980:133–137)

��
Long table(s)without totals,weightsnot tallied.



76 F UNIDENTIFIED FISH REPORTED AS WEIGHTS

F Unidentified Fish Reported as Weights in Ar chaeo-
logical Reports fr om Hawai‘i

Source Weight (g)
Rosendahlet al. (1987:V-38) 6132
Hammatt(1979b:46) 1458
YentandOta(1983:57,59,61) 1436
HammattandFolk II (1981:179) 1029
Corbin(2000b:67) 623
Hammattet al. (1994a:46–48) 516
Rosendahl(1973) 508
Athens(1991:67) 475
Walker andRosendahl(1992:97) 447
Tuggle(1993:210) 424
HammattandCraddock(1992:136) 407
HammattandToenjes(1991:118) 348
Yent(1991:36) 332
Riford (1984:16) 292
Hammatt(1989:22,28) 269
Sinoto(1978:51,52) 228
Walker andRosendahl(1988:170–181) 221
HammattandMeeker (1979:38) 219
HammattandShideler(1992:40) 217
Hammattet al. (1992:98–99) 214
Spear(1993:36) 196
YentandEstioko-Griffin (1980:517–519) 157
Hammattet al. (1985a:120) 128
Hammattet al. (1994b:160) 126
O’HareandWolforth (1998:Section2) 122
Ladefoged(1990:161) 107
Fredericksenet al. (1998:136) 93
Beardsley andKaschko (1998:45,46) 81
Colin etal. (1998:58) 76
Bushetal. (2001:125) 73
Wolforth andWulzen(1998:2–23) 72
Hommon(1983b:107) 56
Komori (1987:48,62) 50
Kirch (1979:43) 39
Walker et al. (1985:119) 39
Hammatt(1979c:42) 33
Walker et al. (1988:105–108) 32
Major et al. (1995:72) 30
Hammattet al. (1984:98–99) 29
Haun(1978:69) 27
FredericksenandFredericksen(1995:41) 26
FredericksenandFredericksen(2001a:55) 25
Hammattet al. (1978:93) 22
Hammatt(1991a:56,58) 21
Barr et al. (1994:240) 20
HammattandShideler(1984:33) 19
Davis (1984:81) 17
AthensandSilva (1983:106) 17
Ayres(1970:45) 16
Toenjesetal. (1992:118) 16�

Long table(s)without totals,weightsnot tallied.
continuedonnext page
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continuedfrom previouspage
Source Weight (g)
Mastersonet al. (1997:AppendixIIIB) 16
Perzinskietal. (2001:37) 15
Colin andHammatt(2003:51–53) 15
Pantaleoet al. (1992:100–102) 14
Fredericksenetal. (1993a:18) 13
AndersonandSchilz(1998:63) 9
Firor andRosendahl(1994:43) 9
ConnollyIII (1980:57) 7
McDermottandHammatt(2000:AppendixA) 6
Ziegler (1990:104) 6
CleghornandCox (1976:31) 6
FredericksenandFredericksen(2000c:15) 6
Graveset al. (1998:33) 6
FredericksenandFredericksen(2002b:88) 6
CordyandAthens(1985:45) 5
HurstandAllen (1992) 5
FredericksenandFredericksen(2000b:82) 4
Hammattetal. (1996:33,34) 4
HammattandShideler(1989:31) 4
FredericksenandFredericksen(1992:19) 4
Spear(1996:41,55,99) 3
FredericksenandFredericksen(2001b:57) 3
Hammattetal. (1985c:60) 3
Hammattetal. (1986b:75) 3
McIntoshandCleghorn(2000:60) 2
Cox (1976:69) 2
SchilzandAllen (1996:88) 2
Colin andHammatt(1997:10) 2
Watanabe(1986:n.p.) 2
Hammattetal. (1986c:64) 2
Dye (1977b:25) 2
CarlsonandRosendahl(1990c:27) 2
Colin et al. (1996:126) 2
Latiniset al. (1997a:65) 2
Perzinskietal. (2002:225) 2
Fredericksenetal. (1993b:12) 2
Davis (1989:72) 2
McIntoshandPantaleo(1998:94) 2
Donham(1990d:39) 1
ElmoreandKennedy(1999:19) 1
MooreandKennedy(1994b:A3) 1
Rechtmanet al. (2002a:21,30) 1
HammattandIda (1992:32) 1
FredericksenandFredericksen(2000d:44) 1
Hammattetal. (1993:36) 1
ElmoreandKennedy(2001a:19) 1
SpearandBurgett(1999:AppendixB) 1
Weisler(1989:46) 1
McDermottandHammatt(1997:25–27) 1
Denhametal. (1992a:25) 1
Borthwicket al. (1994a:44)

�
HaunandHenry(2000:30,38)

�
Barrera(1995a:12)

�
CarlsonandRosendahl(1990a:13)

��
Longtable(s)without totals,weightsnot tallied.

continuedonnext page



78 F UNIDENTIFIED FISH REPORTED AS WEIGHTS

continuedfrom previouspage
Source Weight (g)
Rechtman(2000b:21)

�
FredericksenandFredericksen(1996:18)

�
O’HareandRosendahl(1993:46)

�
Kaschko (1991:45)

�
Walker andGoodfellow (1991:13)

�
DunnandRosendahl(1993:14)

�
Zulick et al. (2000:171)

�
Perzinskiet al. (2000b:29)

�
Athens(1988)

�
Rechtmanet al. (2002b:229,249,308,315,329)

�
Sinoto(1976:AppendixI)

��
Long table(s)without totals,weightsnot tallied.
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G Unidentified Fish Reported asNISP in Ar chaeologi-
cal Reports fr om Hawai‘i

Source NISP Comment
Tomonari-Tuggleet al. (2000:74) 8000
Hammattet al. (1994a:B-10) 4876
Davis (1995:483) 3093 Fishidentificationsin Barnettms.atBPBM
LeboandMcGuirt (2000b:83,93,125,147) 1983
Kikuchi (1963:25a,b) 93
Dyeetal. (2002a:43,50) 70
Perzinskiet al. (2000a:109) 24
Major andKlieger(1996:76) 8
Barrera(1993:6) 7
Hammattet al. (1985d:98) 5
Tomonari-TuggleandTuggle(1984:I-9a) 3
CarlsonandRosendahl(1990b:13) 1



80 H TURTLE LISTED AND REPORTED AS WEIGHTS

H Turtle Listed and Reported as Weights in Ar chaeo-
logical Reports fr om Hawai‘i

Source Weight (g)
DenhamandKennedy(1993:23–38) 78
Kennedyetal. (1994:C2–C5) 53
Goto(1986:419) 43
Folk andHammatt(1991:61) 23
Goodwinet al. (1996:104) 16
Hammatt(1979a:70) 15
FredericksenandFredericksen(1995:41) 13
ElmoreandKennedy(2001c:A-7) 10
Clark (1987:77) 6
ElmoreandKennedy(2002:AppendixB) 6
Walker et al. (1996:90) 2
Hammattet al. (2000b:155) 1
Henryetal. (1992:19) 1
McDermottetal. (1993:234) 1



81

I Turtle Listed and Reported as NISP in Ar chaeologi-
cal Reports fr om Hawai‘i

Source NISP
Ziegler (2000:5.17–5.30) 212
Hartzell(1997b:135) 154
RosendahlandCarter(1988:76) 92
Goodwinet al. (1996:103) 37
Ziegler (1990:7) 19
Rosendahl(1999a:49,50) 11
Putziet al. (1998:108) 5
LeboandMcGuirt (2000b:93) 4
Kirch (1979:46) 2



82 J SHELLFISHFROM AMERICAN SAMOA

J Shellfish Identified in Ar chaeologicalReports fr om
American Samoa

Source Weight (g)
Nagaoka(1993:190) 168658
Cleghornetal. (2000:37) 18784
Eisler(1995:80) 5488
Herdrichet al. (1996:65) 2514
MooreandKennedy(1996a:47) 81
McGertyet al. (2002:31) 48
MooreandKennedy(1996b:64) 41
MooreandKennedy(1999:68) 39
ShapiroandCleghorn(1999:62) 22
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Glossary

ahupua‘a TraditionalHawaiian land division usuallyextendingfrom the uplandsto
thesea.

akule Hawaiiannamefor thefinfish,bigeyescad,Selarcrumenophthalmus(Carangi-
dae).

atule Samoannamefor the finfish, bigeye scad,Selarcrumenophthalmus(Carangi-
dae).

ciguatera A form of poisoningsufferedby consumersof fish with sizableamounts
of ciguatoxins,which are producedby dinoflagellatesand tend to increasein
concentrationasthey aretransmittedupthefoodchainsof coralreefecosystems.

diachronic Of, or relatingto, or dealingwith phenomenaasthey occuror changeover
a periodof time.

ENSO El Niño—SouthernOscillation A cyclic climatephenomenonwith strongef-
fectsonclimaticandoceanicconditionsin thePacific, includingrain,winds,sea
surfacetemperature,andsealevel, on thescaleof yearsto decades.

fishing effort The rate at which fishing pressureis exertedon a stock—expressed,
for example,in termsof fishing-gear-unitsperunit of time (e.g.,boat-daysper
year). Fishingeffort andfishing mortality are relatedthroughthe coefficient,
catchability, ameasureof theefficiency of thefishing-gear-unit.

fishing mortality The rateat which fish areremoved from a populationor stockby
fishing—expressed,for example,asa proportionof thepopulationor stockper
unit time,or typically, asaninstantaneousrate,in unitsof per-year.

kapu Taboo,prohibition;specialprivilegeor exemptionfrom ordinarytaboo;sacred-
ness;prohibited,forbidden;sacred,holy, consecrated;no trespassing,keepout.

konohiki Headmanof anahupua‘alanddivisionunderthechief; landor fishingrights
undercontrolof thekonohiki; suchrightsaresometimescalledkonohiki rights.
Seealsoahupua‘a.

law of superposition In a seriesof layersandinterfacial features,asoriginally cre-
ated,the upperunits of stratificationareyoungerand the lower areolder, for
eachmusthave beendepositedon, or createdby the removal or, a pre-existing
massof archaeologicalstratification.

MNI minimumnumberof individuals Minimum numberof individuals.Thesmallest
numberof individualsnecessaryto accountfor all of theskeletalelementsof a
taxonin a faunalcollection.
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NISP numberof identifiedspecimensNumberof identifiedspecimens.Thetotalnum-
ber of identified fragmentsof any part of the anatomyof a taxon in a faunal
collection.

‘ ōpelu Hawaiiannamefor thefinfish,mackerelscad,Decapterusmacarellus(Carangi-
dae).

palolo Samoannamefor themarinepolychaeteworm, Eunicesp. (Polychaeta,Euni-
cidae).

stratigraphic sequenceThe stratigraphicsequenceis the orderof the depositionof
layersandthecreationof featureinterfacesonanarchaeologicalsitethroughthe
courseof time. On many sitesthesesequencesaremultilinear, dueto separate
areasof developmentthatmayhave takenplace,e.g.in thedifferentroomsof a
building.

synchronic Concernedwith the complex of eventsexisting in a limited time period
andignoringhistoricalantecedents.

tautai Fishingspecialist.
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Services,Kāne‘ohe,Hawaii.

Charvet-Pond,A. andRosendahl,P. H. (1992). Archaeological Monitoring of Con-
structionExcavationsAssociatedwith Airfield PavementImprovement(PhaseIII),
Marine CorpsAir Station,KaneoheBay(TMK:4–4–08). Preparedfor Pacific Divi-
sion,Naval FacilitiesEngineeringCommand.Paul H. Rosendahl,Ph.D.,Inc., Hilo,
Hawaii.

Clark,A. M. andGulko, D. (1999).Hawaii’sstateof thereefsreport.Technicalreport,
Departmentof LandandNaturalResources,Honolulu.

Clark, J. T. (1988). Paleodemographyin leeward Hawaii. Archaeology in Oceania,
23:22–30.

Clark, M. R. and Rechtman,R. B. (2001). Archaeological InventorySurvey of the
Pollak Propertyon Ali‘i Drive, TMK:3–7–8–14:13. RechtmanConsulting,Kea‘au,
Hawaii.

Clark, M. R. and Rechtman,R. B. (2002). An Archaeological InventorySurvey of
a Portion of TMK:3–8–7–14:6,Opihihale2nd Ahupua‘a,SouthKona District, Is-
land of Hawai‘i. Preparedfor KonaHorizons,Ltd. RechtmanConsulting,Kea‘au,
Hawaii.

Clark,S.D. (1987).Archaeological Monitoringof theMakaiParking Garage, Corner
of PunchbowlandHalekauwilaStreets(TMK:2–1–31:23),Honolulu,O‘ahu, State
of Hawai‘i. Preparedfor Nordic Construction,Ltd. Public ArchaeologySection,
AppliedResearchGroup,BerniceP. BishopMuseum,Honolulu.



106 BIBLIOGRAPHY

Clark,S.D., Gosser, D., andPantaleo,J.(1997).DataRecoveryProceduresin Parcels
III and IV, MakenaResortCorporation, Mākena,Makawao,Maui. Preparedfor
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WaipaoPortion of Papa‘anuiAhupua‘a,Honua‘ulaDistrict, Maui Island,Hawaii,
TMK:2–1–07:12,Lot B. Preparedfor CMI Development,Inc. ScientificConsulting
Services,Honolulu.

Cordy, R. (1978).Archaeological Survey andExcavationsat Makena,Maui, Third In-
crement,Seibu Golf Course:Fairways1, 7 through10,and16through18. Prepared
for Seibu Hawaii. AnthropologyDepartment,B. P. BishopMuseum,Honolulu.

Cordy, R. (1981).A Studyof PrehistoricSocialChange: TheDevelopmentof Complex
Societiesin theHawaiianIslands. AcademicPress,New York.

Cordy, R. andAthens,J.S. (1985). Archaeological Survey andExcavations,Makena,
Honuaula,Maui. Preparedfor Seibu, Inc. J.StephenAthens,Co.,Honolulu.

Cordy, R.H. (1984).Samplingproblemsin regionalinterpretationin Hawaiianarchae-
ology. Archaeology in Oceania, 19:21–28.

Corney, P. (1896). Voyages in the Northern Pacific: Narrative of Several Trading
Voyagesfrom1813to 1818. Thos.G. Thrum,Honolulu.

Cox, D. W. (1976). The Archaeology of Kula, Maui, from Pūlehu Nui Ahupua‘a
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Sewage PumpStationSite, Land of Pāhoehoe2nd, North Kona District, Island of
Hawai‘i, TMK:3–7–7–8:21,23. Preparedfor Hawai‘i CountyWastewaterDivision.
PaulH. Rosendahl,Ph.D.,Inc.,Hilo, Hawaii.

Head,J., Rosendahl,P. H., andWalker, A. T. (1995). Archaeological InventorySur-
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cal InventorySurvey of Waiōla‘i andWaiokila Catchments,Kahakuloa,WestMaui,
Hawai‘i, TMK:3–1–01:03. Preparedfor SmithDevelopmentCorporation.Anthro-
pologyDepartment,B. P. BishopMuseum,Honolulu.

Malo, D. (1951). Hawaiian Antiquities(Moolelo Hawaii). Number2 in BerniceP.
BishopMuseumSpecialPublication.BishopMuseumPress,Honolulu,secondedi-
tion. Translatedby NathanielB. Emerson.

Maragos,J. E. (2000). Hawaiian Islands(U.S.A.). In Seasat the Millenium: An
EnvironmentalEvaluation, pages791–812.Elsevier ScienceLtd., London.

Maragos,J. E., Evans,C. W., and Holthus, P. F. (1985). Reef corals in Kaneohe
Bay six yearsbeforeandafter terminationof sewagedischarges(Oahu,Hawaiian
Archipelago). In Proceedingsof the 5th InternationalCoral ReefCongress, pages
189–194.

Maragos,J.E. andGrober-Dunsmore,R. (1999). In Proceedingsof theHawai‘i Coral
ReefMonitoring Workshop, Honolulu.East-WestCenterandHawaii Departmentof
LandandNaturalResources.

Maragos,J. E. and Gulko, D. (2002). Coral reef ecosystemsof the Northwestern
HawaiianIslands:Interim resultsemphasizingthe2000surveys. Technicalreport,
U.S. Fish and Wildlife Serviceand Hawaii Departmentof Land andNatural Re-
sources,Honolulu.

Maragos,J.E.,Hunter, C. L., andMeier, K. Z. (1994).Reefsandcoralsobserveddur-
ing the1991–1992AmericanSamoacoastalresourcesinventory. Technicalreport,
AmericanSamoaDepartmentof MarineandWildlife Resources.

Massee,E. K. (1926). Fishing Rightsin Hawaii. Honolulu. Readbeforethe Bar
Associationof Hawaii at their annualmeetingJune19,1926.

Masterson,I., Heidel, M., Pyle, L., Shideler, D., and Hammatt,H. H. (1997). An
Archaeological Monitoring Reportfor theKapakato Laie Waterline. Preparedfor
Boardof WaterSupply. CulturalSurveysHawaii, Kailua,Hawaii.

Mayor, A. (1924).Structureandecologyof SamoanReefs.Publication340,Carnegie
Institute,Washington.

McArthur, N. (1968). Island Populationsof the Pacific. Universityof Hawaii Press,
Honolulu.

McDermott,M., Chiogioji, R., Barr, T., Borra,J.,Whitworth, S.,andHammatt,H. H.
(1993). An Archaeological Survey of the Palima Point Project Site, Ahupua‘a
of Makaka,Hionamoa,Pa‘au‘au 1, Pa‘au‘au 2, and Iliokoloa, District of Ka‘u,
Hawai‘i Island (TMK:9–6–02:por. 1, 2, 3, 5, and 9–6–13:por. 6). Preparedfor
MCM Planning.CulturalSurveysHawaii, Kailua,Hawaii.



BIBLIOGRAPHY 141

McDermott,M., Chiogioji, R., andMcGuire, K. (2001a). Archaeological Inventory
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structionof theTa‘u Road,Fagā andFitiuta, Ta‘u Island,Manu‘a,AmericanSamoa.
Preparedfor U.S.Army Corpsof Engineers.Pacific Legacy, Honolulu.

Shomura,R. (2003). A historicalperspectiveof Hawai‘i’ s marineresources,fisheries,
and managementissuesover the past100 years. In Statusof Hawai‘i’ s Coastal
Fisheriesin theNew Millennium, pages1–6.

Shomura,R. S. (1987). Hawaii’s marinefisheryresources:Yesterday(1900)andto-
day (1986). Administrative ReportH-87-21, SouthwestFisheriesScienceCenter
HonoluluLaboratory, NationalMarineFisheriesService,NationalOceanicandAt-
mosphericAdministration,Honolulu.



152 BIBLIOGRAPHY

Shun,K. (1992). Archaeological ReconnaissanceSurvey and SubsurfaceTestingfor
ProposedElectric Tie Circuit, BellowsAir ForceStation,Waimanalo,Ko‘olaupoko
District, Islandof Oahu,Hawaii. Preparedfor U.S. Army EngineerDistrict, Hon-
olulu. ArchaeologicalAssociatesOceania,Kaneohe,Hawaii.

Shun,K. andStreck,C. F. (1982). Archaeological TestExcavationsand Monitoring
of the Wailea DevelopmentCompanySewerline Constructionfrom Polo Beach to
WaileaBeach,Maui, Hawai‘i. Preparedfor WaileaDevelopmentCompany. Anthro-
pologyDepartment,B. P. BishopMuseum,Honolulu.

Sinoto,A. (1976). A Reporton Cultural ResourcesSurvey at Barbers Point, Island
of Oahu. Preparedfor Departmentof theArmy, Corpsof Engineers,Pacific Ocean
Division.AnthropologyDepartment,B. P. BishopMuseum,Honolulu.

Sinoto, A. (1978). Archaeological and Paleontological Salvage at Barbers Point,
Oahu. Preparedfor U.S.Army EngineerDistrict, Pacific Ocean.AnthropologyDe-
partment,B. P. BishopMuseum,Honolulu.

Sinoto,A. andTitchenal,P. (2002). An Archaeological InventorySurvey of the Pro-
posedDesalinationFacility, Barbers Point, Honouliuli, ‘Ewa, O‘ahu (TMK:9–1–
31:28). Preparedfor OceanitLaboratories,Inc. Aki SinotoConsulting,Honolulu.

Skillman, R. A. andLouie, D. K. H. (1984). Inventoryof U.S. vesselsin the Cen-
tral andWesternPacific: Phase2—Verificationandclassificationof Hawaiianves-
sels.AdministrativeReportH-84-12,SouthwestFisheriesScienceCenterHonolulu
Laboratory, NationalMarineFisheriesService,NationalOceanicandAtmospheric
Administration,Honolulu.

Smith,M. K. (1993).An ecologicalperspectiveoninshorefisheriesin theMain Hawai-
ian Islands.MarineFisheriesReview, 55(2):34–49.

Smith,M. K. andPai, M. (1992). Theahupua‘aconcept:Relearningcoastalresource
managementfrom ancientHawaiians.NAGA: TheICLARMQuarterly, 15(2):11–13.

Spear, R.L. (1987).IntensiveArchaeologicalSurveyandTesting, DevelopmentParcels
A/B and C, TMK:2–1–08:59,40. Preparedfor TSA International,Ltd. Paul H.
Rosendahl,Ph.D.,Inc.,Hilo, Hawaii.

Spear, R. L. (1992a). An Archaeological InventorySurvey of St. Williams Church,
Hanalei, Island of Kaua‘i, TMK:5–5–02:37,StateSite Number50–30–02–1877.
ScientificConsultingServices,Kaneohe,Hawaii.

Spear, R.L. (1992b).AnArchaeological InventorySurveyof theHanapepeFirstUnited
Church of Christ,Hanapepe, Hawaii. Preparedfor Applied PlanningServices.Sci-
entificConsultingServices,Kaneohe,Hawaii.

Spear, R. L. (1993). Archaeological Data Recovery Excavationsat Site50–30–02–
1878,theGoodmanProperty, Wainiha, Islandof Kauai,TMK:5–8–08:43. Scientific
ConsultingServices,Kaneohe,Hawaii.



BIBLIOGRAPHY 153

Spear, R. L. (1996).AnArchaeological InventorySurvey of 126Acresin theAhupua‘a
of Lanihau2, Moeauoa1 andMoeauoa2, Kailua-Kona,Islandof Hawaii, TMK:7–
5–3:6and7. Preparedfor HawaiianDevelopmentCorporation.ScientificConsulting
Services,Honolulu.

Spear, R. L. andBurgett,B. (1999). Data RecoveryExcavationsat Sites21358and
21359, Ke‘eke‘e Ahupua‘a, SouthKona District, Island of Hawai‘i (TMK:8–1–
3:11). Preparedfor RoseOnaka.ScientificConsultingServices,Honolulu.

Spear, R. L. andRosendahl,M. L. K. (1987). Archaeological Data Recovery, Puueo
Agricultural Lots, Land of Puueo,Kau District, Island of Hawaii (TMK:3–9–3–
01:por. 2. Preparedfor R. M. Towill Corporation.Paul H. Rosendahl,Ph.D.,Inc.,
Hilo, Hawaii.

Spear, R. L. andSinoto,A. (1993). IntensiveArchaeological Data Recoveryof Sites
50–10–19–10947 and 10983in the Makai DevelopmentArea, Ka‘ūpūlehu,North
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