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Executive Summary

This review of reeffishing in Hawaii and American Samoaassessethe po-
tential of archaeologicahndhistoricaldatato provide informationon patternsof
resourceusefrom coralreefs,their long-termimpactsandeffects,andthe causes
andratesof ecologicakchange Sourceseviewedarelistedin anextensie bibliog-
raphyandtheircharacteristicaresummarizedn aseriesof tableshatareincluded
asappendicesThetablesfor archaeologicatourcesank themaccordingto the
amountof informationthey contain. Thetablesfor historicalsourcesndicatethe
time period(s)to which eachsourceappliesandrecordthe kinds of information
thateachsourcecontainsusingatwenty point classification.

The review indicatesthat the pre-1950dataare much fuller and richer for
Hawai‘i thanthey arefor American Samoa. In Hawai'‘i, it shouldbe possible
to characterizepatternsof fishery resourceexploitation and chart at leastsome
changesn theseover time usinga combinationof extantarchaeologicaind his-
toricalinformation. An investigationof long-termchangesn inshoreresourcesn
Hawai‘i will requireeithernew fieldwork, a re-examinationof existing archaeo-
logical collections or applicationof anew analyticmethodwhoseutility is notyet
establishedn the Pacific. None of thesegoalscanbe achiezed with the scantar
chaeologicahndhistoricalinformationavailablefor the pre-195Q0periodin Amer-
icanSamoa.

The post-1950fisheriesdatafor both Hawai‘i and AmericanSamoaarerich
anddetailed.They have revealedmportantaspect®f, andchangesn, exploitation
patternsandthe conditionof inshoreresources.
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4 1 INTRODUCTION

1 Intr oduction

At therequesbf WesternPacific RggionalFisheriesManagementouncil( WPRFMC),
T. S. Dye & Colleagues, Archaeologists, Inc. hascompleteda review of archaeologi-
cal and historical dataconcerningreef fishing in Hawaii and AmericanSamoa. The

purposeof the review wasto assesshe potentialof the datato provide information

on patternsof resourcausefrom coral reefs,their long-termimpactsandeffects,and

the causesndratesof ecologicalchange Thesepotentialsourceof informationhave

provedusefulto fisherymanagersn the Pacific, who have adoptedwvhathascometo

be known asa “data-less”"approachto fishery managemenfJohanned.998; Dalzell

1998).

The review addressedour substantie topics—humandemography patternsof
fishery resourceexploitation, temporalchangesn fishery resourceexploitation, and
long-termchangesn reeffish populations—setut in the statemenbf work. Eachof
thesetopicshasits own setof methodsapplicableto archaeologicahndhistoricaldata;
thesearereviewed and summarizedo provide a baselineagainstwhich the strengths
andweaknessesf the historicaldatacanbe measured.The review thenassessethe
likely resultsof the methodsappliedto theinformationin theliteraturereviewedfrom
Hawai‘i and AmericanSamoa.The reviewed literatureis presentedn a bibliography
of archaeologicalnd historical sourceson demographyand fishing in Hawai‘i and
AmericanSamoa.This bibliographyis a centralproductof thereview, which cansene
asthebasisfor future analysesimedat providing fisherymanagersvith the informa-
tion they desire. The review endswith somecommentn the potentialapplicability
of thistype of review to otherPacific Islands.

The review is presentedn six sectionsbasedon the substantie topics. Changes
in humanpopulationprovide animportantdatumin assessinghe potentialeffectsof
fishing practiceson ecologicalchange. Section2 reviews the methodsand literature
sourceson historical demographyfor Hawai‘i and American Samoa. Both Hawai'i
andAmericanSamoahave seenwholesalechangesn patternsof fisheryresourceex-
ploitationin the modernperiodastraditionalfishing practicesveretransformedy the
introductionof modernfishing gearandboats,anda casheconomybasedon imports
andexportschangedatternsof work anddiet. Informationon patternsof fisheryre-
sourceexploitation is reviewed in section3 and for changesver time in section4.
Reviews of archaeologicahformationindicatethat,in severalislandgroupsmolluscs
andturtlesdeclinedin ahundancehroughhanestpressureandervironmentalchanges
(Dalzell 1998). An emeqing literatureexploresthe archaeologicamethodsneededo
assestiumanimpacton traditionalfisheries(Leachand Davidson2001)andthe pos-
sibility of a widespreadleclinein traditionalfishingintensityassociatedavith process
of agriculturalintensificationjncreasedompetition,andpossiblyresourcedepression
(Allen et al. 2001). The information for long-termchangesn inshoreresourcesn
Hawai'i and AmericanSamoais reviewedin section5. The potentialapplicability of
this type of review to otherPacific Islandsis discussedn section6. Theresultsof the
review aresummarizedindconcludingstatementsfferedin section?.

The remainderof this sectionsetsout the scopeof work provided by WPRFMC
anddescribeshe conductof thereview of archaeologicahndhistoricalsources.
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1.1 Statementof Work

Thereview wasguidedby a statemenbf work setoutin the contract(WesternPacific
RegionalFisheryManagemen€ouncil2003). The statemenbf work readsasfollows:

The contractorwill review variousliteraturesourceson the archaeo-
logical record, humanpopulationdemographicsand recentfishery data
and generatea report ascertaininghe potential of thesedatasourcesto
provide thefollowing information:

« adescriptiorof thedemographicsf humanpopulationsn theHawai-
ian Islandsand AmericanSamoafrom the periodof their first colo-
nizationto the present

« adescriptionof the patternsof fisheryresourcesxploited by histor
ical populationsn the HawaiianIslandsand AmericanSamoawith
anemphasi®n coralreeffishesandcoralreefinvertebratesandtur-
tles

 adescriptionof the temporalchangesn fisheryresourceexploited
in the HawaiianlslandsandAmericanSamoavith emphasi®nfish,
invertebratesndturtlesfrom coralreefsandassociatethabitats

« the possibility of inferring from the historicalrecordthe long term
changesn reef fish populationsassociatedvith historical human
populationsandtheirextractiveactivities, assesthepotentialto make
estimatesof the historicalannualvolume or yields of reeffish and
invertebratesakenfrom thereefsin the HawaiianIslandsandAmer-
icanSamoaandcommenbntheapplicabilityof themethodto other
Pacific Islands

1.2 Conduct of the Review

The review wascarriedout from Junel, 2003to October31, 2003. The archaeolog-
ical literaturewasreviewed by ThomasS. Dye, with the assistancef Jefrey L. Putzi
andWindy K. McElroy. The two primary sourcesof archaeologicainformationare
containedn thelibrariesof the historic preseration officesof Hawai‘i andAmerican
Samoa.Archaeologicakeportsat the Hawai'i Historic Preseration Division library
werereviewedatthelibrary in Kapolei. Archaeologicateportsin the AmericanSamoa
Historic Preseration Office (ASHPO)library weredownloadedasportabledocument
formatfiles from that library’s web site (American SamoaHistoric Preseration Of-
fice 2003). Reportswerereviewed for informationon archaeologicatecovery of fish,
shellfish,andturtle. Notesweretakenon the level to which the remainsof eachtype
wereidentified,the amountof identified material,andthe measurementnits usedin
thereport.

Thereview of archaeologicainethodswvascarriedout by Dye atthe T. S. Dye &
Colleagues, Archaeologists, Inc. library, the main branchof the Hawaii StateLibrary,
andat Hamilton Library, University of Hawaii.

Thereview of historicalliteraturewascarriedoutby ThomasGrahamRobertT. B.
IversenandDye. Thework wasbegunby lversenwhoseinvolvementin the project
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wascut shortby healthproblems. lversenturnedover the materialshe had collected
to Graham. Historical sourcesof information aboutHawai‘i and American Samoa
startedbecomingavailableshortlyafter Europeandirst visitedthetwo islandgroupsin
1778and1722 respectiely. A searchwasmadefor historicalsourceghatpertainedo
humandemographyndinshorefisheryresourcesndtheir exploitation. Thesesources
werecollectively reviewedin termsof their potentialto revealhistoricaldemographics,
patternsandtrendsof resourceexploitation,andlong-termchangesn the conditionof
inshoreresourcesTheintentof thereview is to identify the potentiallyusefulsources
andto highlight the typesof informationthat eachprovides. Throughoutthis report,
theterm “inshoreresources’is usedto describethe living marineresourcedgound in
shallav-watercoastalwaters. It is difficult to draw a line betweeninshoreresources
andneighboringresourcessuchas deep-vaterdemersaresource®r coastalpelagic
resourcesand no attemptto do so is madehere. The scopeof this assessmens
generalenoughthatthis is not a problem—inshoreesourcesretreatedherein only
generaterms.Still, thereview paidmoreattentionto certaintypesof inshoreresources
thanothers.Reef-associatefinfish andinvertebratesveretreatedasthe focus. Other
resourcesincluding seaturtles,seaveeds,andnearshorgelagicfinfish suchas Selar
crumenophthalmuseregivenlessattention,but they werenotignored—information
aboutthemwasgatheredpportunistically

2 Historical Demography

Populatiorhistoriesof Hawai‘i andAmericanSamoaareimportantbackgroundnfor-
mationfor aninvestigationof changingpatternsof fisheryresourceexploitation over
time becauseabsentexports, demandfor fish, shellfish,andturtle is local and pre-
sumablyrelatedto populationsize. The prehistoricperiodsof Hawai‘i and American
Samoaveremuchlongerthanthe periodscharacterizety historicalrecordsandsothe
useof archaeologicainformationis indispensabldor determiningthe timing of first
settlemenby Polynesiansndfor chartingchangesn populationover thetime during
which historicalrecordswerenot kept. Theintroductionof historyto theislandsin the
eighteentltenturydid notimmediatelyimprove the historicaldemographicecordand
it introduceddisease$o which the Hawaiiansand Samoangadlittle or noimmunity
(e.g.Bushnell1993b),leadingto populationdeclinesin bothgroups.

The following sectionsreview and assesshe methodsof historical demography
asit is practicedby archaeologistsind historians,review and summarizethe biblio-
graphicresourcesandassesshe potentialof historicaldemographiaatato estimate
populationhistoriesusefulfor aninvestigationof fisheryresourceuse.

2.1 Review and Assessmenbf Methods

Although historiansoccasionallymake useof archaeologicatiatato investigatepop-
ulation history; the datasetsmostoften usedby archaeologistandhistoriansare dif-

ferentfrom oneanother This sectionfirst reviews the archaeologiss methodswhich
becauseof the fragmentarynatureof the archaeologicatecordare somavhat more
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complex and difficult thanthoseof the historian. The historians methodsare dealt
with briefly in the secondpartof the section.

2.1.1 ArchaeologicalMethods

Archaeologicablataareusefulto the historicaldemographewho wishesto determine
the datean island group was first settledand evaluatedata, usually fragmentaryand
oftenoblique,on populationchange.

Archaeologicadataassociateavith thefirst humansettlemenbf Oceanidslands
aresurprisinglydifficult to find. Early populationsof settlerswereundoubtedlysmall
andthe remainsof their settlementgpotentially disturbedby every subsequentradi-
tional and historical development(Graves and Addison 1995). In AmericanSamoa,
the searchfor early sitesis aidedby the distinctive, dentate-stampetapita pottery
producedy thefirst settlersof theregion, which makesearlysiteshighly visible to the
archaeologis(Bellwood 1979; Davidson1979;Kirch 2000). Investigationof pottery-
bearingsitesin AmericanSamoads easedomavhatby large body of resultson similar
sitesin the neighboringislandgroupsof WesternSamoa/Fiji, and Tonga,which pro-
vide context for theirdatingandinterpretationIn Hawai‘i, oneof thelastislandgroups
to be settledby Polynesiansat a time when pottery productionhad beenabandoned
by Polynesian®r wasin the lastthroesof a protracteddeclinein WesternPolynesia,
thereis nousefulartifactualindicatorof earlysitesandthe searcttherehasprovedvery
difficult. Lack of anartifactualindicatorof early settlementneanghatrelatively great
stockhasto beplacedon ' C dating,atechniquethathasprovedadifficult for Hawaiian
archaeologist® graspfully (Davidson1992).A persistenproblemhasbeenHawaiian
archaeologistsfailure to controlfor the “old wood problem” (Taylor 1987; Bowman
1990)whichcanaddasmuchas1,000yearsto thedatedageof anarchaeologicadvent
in Hawai'i (Dye 2000).A differentarchaeologicahpproactto determiningthe dateof
first settlementoesnotrely onthediscoveryandinterpretatiorof archaeologicadites,
butinsteadusesdatedpaleoecologicadvidencefor thetypesof ervironmentakchanges
associateavith initial humansettlemenbna pristineoceanidsland(Kirch andEllison
1994).This approachasdetractorsyho pointto thedifficulty in mary circumstances
of distinguishingnaturalenvironmentalchangedrom thosecausedy man, opening
thepossibility of assigningatoo old dateto first settlemenfAndersonl994).

Archaeologisthave developedseveral approacheto estimatingcharacteristicef
prehistoricpopulations(Schacht981;Hassamn 981),threeof which—thesite census,
life-table,and“ C dateproxy approaches—ha beenappliedto Pacific islands.

Thefirst, andmostwidely usediis the site censusapproachwhich caneitheresti-
matethedirectionandrateof populationchangeor the absolutepopulationat a given
pointin time. In practice,the methodinvolvestaking a censusof datedarchitectural
units. Populationchangeover time canbe inferreddirectly from changesn the num-
ber or aggregyatesize of the censusedrchitecturalunits and an absolutepopulation
estimatecanbe derived if anassumptioris madeaboutthe numberof peoplerepre-
sentedby eachof theunits. The simplicity of this approachs somevhatdeceptve and
its applicationoftenfounderson the reliability with which the durationof occupation
for eachof thearchitecturalinits canbe establisheqSchacht1984). Ideally, datesfor
constructiorandabandonmendf eacharchaeologicalinit in the censusvould be de-
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terminedthrougharchaeologicahvestigationgnablinga determinatiorof thenumber
or aggreyatesizeof unitsinhabitedin agivenyear In practice however, archaeological
datingmethodsandtheir applicationsarerathercrudeandit is usuallynot possibleus-
ing ' C datingor artifactstylesto representime in intervalsshorterthana century If,
giventhislimitation, the populationof aregionis estimatedy century thenaproblem
potentiallyarisesf theaverageoccupatiorspanof thearchitecturalinitin thecensuss
differentthanacentury If, for example theaverageoccupatiorspanof anarchitectural
unitin aregionis 50yearsthenpopulationestimategor eachcenturywill betwicethe
actualregional populationbecauset arny onetime abouthalf of the architecturalnits
would have beenabandonedSchach{1984)hasworked out a sophisticatedtatistical
modelof settlemengrowth thatameliorateshis type of problemin situationswhere
thechronologicaperiodsoverwhichasettlementvasoccupiedandtheperiodof max-
imum populationcanbe reliably determined.This approachs potentiallyapplicable
to AmericanSamoavheresitescanbe assignedo broadperiodsbasedon the type of
pottery presentat the site or its absence.ln Hawai'i, wherearchaeologisthae not
beenableto find a widely distributedartifacttype thatcanbe usedasa chronological
indicator, the approachis not applicableandan alternateapproachtbasedon accurate
estimationof the constructiorandabandonmentlatesof architecturalunits would be
required.

Although archaeologisthiave for mary yearscollectedestimateof sex andage-
at-deathfor skeletons,this information wasnt usedto estimatepopulationsize and
changeuntil thelate 1960s whenlife-tablesdevelopedby statisticiansn theinsurance
industrywerefirst appliedto the study of skeletal collections(Saundersand Katzen-
berg 1992;Katzenbeg andSaunder2000). Investigatorgealizedthat the size of the
populationthat contributedskeletonsto a cemeterycould be estimatedf the duration
of thecemeterycouldbeknown andthe skeletonsn thecemeterywereacompleterep-
resentatiorof the deceasethemberof a community(Ubelaker 1989:135ff.). As the
brief discussiorof archaeologicatiatingearlierindicatesthefirst conditionis difficult
to meetin practice. However, the secondcondition, having to do with the complete
representationf the deceasednemberdn the community hasprovenalmostimpos-
sibleto achieve. The goal hereis to achieve an accurateage-at-deatldistribution for
the populationunderstudy Therearetwo setsof problems,one having to do with
theunderrepresentationf youngindividualsin skeletalcollectionsandthe otherwith
the technicaldifficulties of determiningage-at-deatlf adult skeletons.Environmen-
tal and cultural factorsbiasthe preseration andrecovery of infantandchild skeletal
material,which “representshe mostdemographicallywariableandsensitve portion of
thehumanlife cycle, while constitutingthe bestestimatorof a populations healthand
well-being” (Roth1992:177) Many societiesfacedwith highratesof infantmortality,
treatdeceasedhfantsand small childrendifferently than decease@dults,leadingto
an underrepresentatiof youngindividualsin skeletal collectionsfrom cemeteries
andossuariesThis problemis exacerbatedy small bonesize andincompleteossifi-
cation,both of which encouragelecayin the groundandmilitate againstrecovery by
archaeologists The secondproblem, determiningage-at-deatlof adults,hasproven
extremelystubborngspeciallyfor individualsover the ageof 50 (Jackes1992,2000).
The margin of error for this type of estimate gvenwith the mostmoderntechniques,
makesthelife-table approactproblematic.Evenif it werepossibleto determineaccu-
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ratelythe age-at-deatlof skeletonsthe next stepof paleodemographianalysiswould
beto estimateage-specifienortality rates,which involvesanassumptiorthatthe pop-
ulationis stationaryi.e. closedto migrationandwith anintrinsic rateof growth equal
to zero(Milner etal. 2000:479%f.). Thus,the methodrequiresoneto assumdrom the
beginning a rate of populationchangewhenthis is one of the mostimportantthings
wewould like to learn.Milner etal. (2000:483)opinethat“it maybetime to abandon
life-table methodson the groundsthat they are not well suitedto paleodemographic
data’ New approachesvill requireconstructionof a probability distribution for the
ageof eachskeletonbasenits obsenedtraits(Milner etal. 2000:485f.), something
thathasnt beendonefor Hawai'i.

The'“4C dateproxy methodwasdevelopedby Rick (1987).1t differsfrom theother
methodsby using!*C datesasprimary dataratherthanasa meango assignanageto
someother classof archaeologicatemains. The conceptuabasisof the methodis
summarizedy theassertiorthat

if archaeologistsecoreredanddateda random known percentagef the
carbonfrom a perfectly presered carbondepositto which eachperson-
year of occupationcontributed an equaland known amount,they could
estimatethe numberof peoplewho inhabiteda region during a given pe-
riod (Rick 1987:56).

In practice a histogramof 14 C datesis constructedy oneof severalmethodgsee
Stolketal. 1994;Dye andKomori 1992a)andthe shapeof the histogramis interpreted
asreflectinga populationgrowth curve.

Rick specifieshreeassumptionshat musthold for a histogramof '4C agedeter
minationsto modelchangesn population:

1. the'*C agedeterminatiorsampleis representatie of the extantarchaeological
carbondeposit;

2. theextantarchaeologicatarbondepositis representatie of the original carbon
deposit;and

3. the amountof carbonaddedto the original depositper capita per unit time is
constanbverthe periodof interest.

Deviationsfrom theseassumptionareknown asinvestigationbiasespresenrationbi-
asesandcreationbiasesrespectiely.

In mostcircumstanced is not possibleto know eitherthe annualper capitacon-
tribution of charcoatto the depositor the percentagef the depositcomprisedby the
sample.In thesecasesthe methodyields estimate®f the ratesanddirectionsof pop-
ulation changebut cannotyield estimatef populationsize. However, in situations
wherethe the period coveredby the *C datesincludesa yearwherethe population
sizeis known, thenthe per capita contribution to the samplefor thatyearcanbe de-
rived. This figure canthenbe usedto derive absolutepopulationsizesfor otheryears
coveredby the histogramassuminghatcreationbiasesarenot strong.
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2.1.2 Historical Methods

Historical demographerssea wide variety of datasourcedo studycharacteristicof
pastpopulations.Primarysourcesrom censuseandyvital statisticsare often supple-
mentedby variousrecords obsenations,anddocuments Sourcef historicaldemo-
graphicdatawerelisted by Hollingsworth (1969:43-44)n their approximateorderof
usefulness:

1. censusegspeciallyif givenby nameandage

2. vital registrationdata

3. Bills of Mortality

4. ecclesiasticalecords suchasparishregistersandcommunicantslists
5. fiscaldocuments

6. military records

7. inventoriesof property

8. genealogies

9. wills

10. marriagesettlements

11. eye-witnessestimates

12. prices,overthelongterm

13. numberandextentof towns

14. archaeologicalemains

15. methodsof agriculturaleconomy

16. ecclesiasticahndadministratve geography

17. new buildings

18. colonizationof new land

19. cemeterydata,bothfrom skeletonsandtombstonénscriptions

The list makesclearthat mosttypesof dataare more usefulthanthoseprovided by
archaeologistandusedby paleodemographer8ecauseamary of thesetypesof data
provide directinformationon populationsizeandotherparametersnuchof thework
of historicaldemographynvolvesevaluatingtheaccurag of sourcesratherthanusing
thesourcesasa basisfrom which to infer populationcharacteristics.
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2.2 Summary of Bibliographic Sources

The time of first humansettlemenbf Hawai'i is a matterof debateamongarchaeol-
ogists. Argumentsfor a “long” chronologywith settlemenprior to A.D. 600 (Kirch
1974,1985;HuntandHolsen1991)arecounteredy argumentdrom the samedatafor
a“short” chronologywith settlementaroundA.D. 900 (Spriggsand Anderson1993;
Tuggle1997). Onereasonfor the relatively greatdifferencedn archaeologistsésti-
matesis the failure to controlfor the datingof “old wood” (Dye 2000). For a variety
of reasonsthe“short” chronologyappearso bebestsupportedy the availabledata.

Four applicationsof the site censusapproachhave beenattemptedin Hawai'i.
Cordy (1981) reconstructedabsolutepopulationfiguresfor eight land units on the
dry, lava-coveredleevard coastof Hawai'i Island by countingthe numberof sleep-
ing housegerland unit, estimatingtheir durationof useby datingpiecesof volcanic
glassfound within them, and assigningsix personsto a house. Rob Hommonused
information on the durationof occupationat 51 volcanic-glass-dateHabitationsites
in leeward Hawai‘i (Hommon1976)and655 archaeologicafeatureson Kaho'olave
Island(Hommon1980)to estimatechangesn site populationfor thoseregions.He did
not attemptto estimatenumbersof peopleandwascarefulto point out thatsite popu-
lation growth rateswould reflect,but not necessarilyqual ratesof populationgrowth.
Hommons work wasfollowed by Kirch (1984:104ff.), who augmentedhe leevard
Hawai'i Islandsamplewith informationfrom 62 othersites,mostof themdatedwith
thevolcanicglasshydrationmethod.Datafrom leevardHawai'i andKaho'olawve both
yieldedsigmoidalgrowth curves,with site populationgeachinga maximumin the six-
teenthor seventeentttenturiesa.p. andeitherremainingstaticor decliningthereafter

Applicationsof thesitecensuspproachn Hawai‘i werecriticized. Cordy(1984:23)
pointedout thatdurationof occupationis reliably estimatedor relatively few habita-
tion sites(seepg. 7). Clark (1988)summarizedereral potentialsourcef uncertainty
in the sitecensusapproachasit wasappliedin Hawai‘i. They include:

« theuseof volcanicglassfor datingat mary sites,a datingtechniquethatis now
discreditedOlson1983);

indiscriminatecensuf temporaryandpermanenhabitations;

variationsin householdize;

spatialandtemporalbiasesderiving from the small size of the datedsampleof
habitationsites;and

» useof volcanicglassagedeterminatiorstandardieviationsto estimateoccupa-
tion spans.

He concludedhat“detailedregionalmodelsof populationsizeandgrowth areprema-
ture; but that“the growth in populationcanbe depictedby a modifiedlogistic curve”
(Clark 1988:29).

Thelife-tableapproachwascarriedoutby Kirch (1984),who constructedife tables
for skeletalpopulationsexcavatedat Pu‘u Ali‘i, Hawai'i IslandandMokapu,O‘ahuls-
land. Although the Mokapusite hasnot beendated,Kirch suspectedhat sincethe
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windwardcoastwasalocusfor early settlementthe “M okapuseriescould be of some
antiquity” (Kirch 1984:113). The Pu‘u Ali‘i serieswas more confidently datedto
the lasttwo centuriesbefore Europearcontact. The life tablesfor thesepopulations
shoved that survivorship(l,) waslower at Pu‘u Ali‘i thanat Mokapu,andthat child
andinfantmortality (¢,,) washigherat Pu‘u Ali‘i thanat Mokapu. Kirch foundthese
data“tantalizingin their suggestiorthat... [Hawaiian] populationswereresponding
to certaindensity-dependemffects” (Kirch 1984:115-116andfoundin themsupport
for thesigmoidalpopulationcurvesconstructedor LeevardHawai‘i andKaho'olawe.

The paleodemographidatacited by Kirch (1984), with the addition of a series
from Keopu, Hawai'i Island,werelateranalyzecdby SuttonandMolloy (1989). Using
adwancesn paleodemographthatrecognizetheinterdependencef life tableparam-
eters,their sensitvity to the stablepopulationassumptionandthe effects of various
parametersf thefrequentunderrepresentationf infantsin skeletalpopulationsthey
shaw thatadultlife expectanciestPu‘uAli‘i andMokapuwerevirtually identical,but
were exceededat Keopu. They alsoshaow that birth ratesat Mokapuand Pu‘u Ali‘i
werenotsignificantlydifferent,but weresubstantiallyhigherat Keopu. They conclude
thatKirch’s resultsare“an artefactof his methodology”(SuttonandMolloy 1989:32)
andthatthey do not supportthe sigmoidalpopulationcurve derivedfrom the site cen-
susdata. However, they notethat“the implicationsof [the paleoanthropologicalata]
for populationgrowth cannotbe adequatelyassessed{Suttonand Molloy 1989:35),
soquestionsaboutthe shapeof Hawai'i’ s pre-censapopulationcurve remainopen.

TheC proxy approactwascarriedout by Dye andKomori (1992b)usingasam-
ple of 598 14C agedeterminationgrom Hawai‘i. The *C agedeterminationsvere
selectedrom archaeologicatontexts associatedvith householdactities, underthe
assumptiorthat cooking, lighting, and otherroutinedaily choreswere unlikely to be
subjectto creationbiases.The '*C agedeterminatiorhistogram spannedhe period
A.D.1-1832 with theyearfor therecentendof the histogramchoserto coincidewith
the first censusof Hawai‘i by missionarieSchmitt 1973). The heightof the his-
togramfor 1832wassetto the populationenumeratedy the missionariesthus cali-
bratingthe histogramsothatit yieldedestimate®f theabsolutesizeof the population
backthroughthetraditionalHawaiianperiod. SubsequentibDye (1994)comparedhe
populationcurve to indicesof agriculturalgrowth andreligioustempleconstruction,
finding supportin thecomparisorfor the shapeof the populationcurve.

The populationof Hawai'‘i in 1778,whenCook’s officersmadethefirst published
estimatesjs a matterof debate. Cook’s officersthemseles had varying estimates,
leaving the door openfor modernwriters to improve uponthemwith estimateghat
rangefrom 100,000to 1,000,00(QseeSchmitt1968,1971;StannardL989). Arguments
againstestimatest theupperendof thisrange,in particularthe estimate®f Stannard
(1989),have beenmadeby Bushnell(1993a)andDye andKomori (1992b).

Therewereno new populationestimategor the period1779-1822save for anall
islandfigure attributedto a carpenterwho hadlived in the islandsin the first years
of the nineteenthcentury (Schmitt 1968:23,24). Several estimatesdrom the 1820s
agreewell with oneanother(Schmitt1968:24,25). Thefirst attemptat a censuof the

1The 14C agedeterminatiorhistogramis calledan “annualfrequenyg distribution” by Dye andKomori
(1992b).
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islandswascompletedoy missionariesn 1831-1832yielding the earliestdependable
dataon Hawaiian demography(Schmitt1973:v). This wasfollowed by anotherall-
island censusn 1835-1836and partial censusesn 1840,1846,and 1847, the latter
threecarriedout by eitherthe missionariesthe government,or the missionariesand
thegovernmentSchmitt1973:3).

TheHawaiiangovernmentensu®f 1850,whichincludedanaccurateenumeration
of theinhabitedislands,with informationon age,se, andnationality is a “statistical
landmark”(Schmitt1968). Official censuseweretakenin 1853,1856,1860andthen
every six yearsuntil 1896. In 1900, the United StatesCensusOffice took over the
Hawaii censusandhascompletedanenumeratiorof theislandsevery decadesince.

This rich demographicecordfor Hawai'i is ably summarizedreviewed,andana-
lyzedby Schmitt(1968),GardnerandNordyke (1974),andNordyke (1989).

The earliest'*C date associatedvith humanactvity in American Samoawas
collectedfrom the To‘aga site on Ofu Island of the Manu‘a group (Kirch and Hunt
1993:91). This samplewas associatedvith thin, fine-temperegottery sherdssome
of which weredecoratedvith notcheson their rims. Althoughthe To‘agasite did not
yield dentate-stampedapita pottery of the type producedby the first settlersof the
region, the early To'agadateis comparableo the calibratedagerangeof a sampleof
marineshellfrom thesubmegedLapitasiteat Mulif anuaon ‘Upolu Island(Leachand
Greenl1989),theoldestknown archaeologicasitein Samoa.

Archaeologistsn Samoahave not attempteda detailedestimateof the prehistoric
population.Basednthedensityof surfaceremainssurweyedin WesternrSamoaGreen
and Davidson (1974:281-282ppinedthat the pre-Contacipopulationwas twice the
size of the populationin the 1840s. An unpublishedestimateputs the figure even
higher(Kirch 2000:312note21).

AlthoughSamoawvassightedby theexplorersRoggereenin 1722andBougairville
in 1768,the first Europeando ventureashoresailedwith Lapérousein 1787 (Gilson
1970). Twelve of themlost their livesthere,andthe islandsquickly cameto have a
poor reputationamongEuropeanseamenwho passedSamoaby in favor of Tahiti,
New Zealand,and Hawai'i. Consequentlylittle waswritten aboutSamoauntil mis-
sionariessettledtherein 1830. Thefirst populationestimatefor Samoafor the year
1839,wasreportedby the United StatesExploring Expedition(Wilkes1845). A sec-
ond estimatemadeby a visitor in 1849wasfollowed, in 1853,by a censugaken by
missionaries,which is probablythefirst realisticestimateof population,althoughnot
necessarilycompletelyaccurate”(McArthur 1968:114). The missionariescompiled
censuseagainin 1863and1874andthe British Consulatgroducedestimate®f pop-
ulationin 1879,1887,and 1899. After the Treaty of Berlin, which divided Samoa
betweenGermaly andthe United Statesthe commandantef Naval Station, Tutuila
enumeratedhe populationof AmericanSamoain 1900,andat variousintervals until
1920 (McArthur 1968:141). Since 1920, AmericanSamoahasbeenincludedin the
decenniatensuof the United States.

2.3 The Potential for Historical Demography

Hawai'i hasarich anddetailedrecordof demographidistory. A varietyof archaeolog-
ical methodsalthoughall rathercrude,yield broadlysimilar results,andthe outlines
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of populationchangen pre-ContactHawai‘i arenow reasonablyvell establishedThe
absolutesize of the Hawaiian populationat the time of Cookin 1778is a matterof

debatebut the subsequentalamitougdeclineof populationis not. A reasonablyccu-
ratecensuof theislandswascompletedelatively earlyin the historic periodin 1836,
andthis wasfollowed up by increasinglyaccuratesfforts at shortintervals, yielding a
populationrecordof the early historic periodmatchedby few, if ary, islandgroupsin

the Pacific. The Hawaiian governmentproducedgood censusnformationfor the last
half of the nineteenttcentury afterwhich time the Hawaiian Islandswereincludedin

thedecennialUnited Statescensus.

The recordfor American Samoais not nearly so rich and detailed. Archaeolo-
gistshave not attemptedo estimatepopulationchangesver the pre-Contacperiod,
andit is unlikely thatthis could be achieved given the relatively sparsenventory of
well-investigatedarchaeologicasitesthere. Thereis an unpublishedestimateof the
populationsizeatthetime of contactwith Europeanshut thefirst censusof American
Samoapf questionabl@ccurag, wasnot madeuntil 1853, morethana centurylater.
Thereaftercensusesveremadeapproximatelyevery tenyears,with increasingaccu-
ragy. Thus,for mostof Samoarhistory, thereis no demographiénformationandonly
scantmaterialsthatmight be usedto developa demographidistory:.

3 Patterns of Fishery Resouice Exploitation

This sectionreviews the methodsand materialsfor estimatingthe patternsof fishery
resourcesxploited by historical populationsin the Hawaiian Islandsand American
Samoawith anemphasi®on coralreeffishesandinvertebratesandturtles.

3.1 Archaeologicaland Historical Methods

The methodsusedby archaeologistandhistoriansto establishpatternsof fisheryre-

sourceexploitationdiffer considerablybasedasthey areon completelydisparatesets
of data. The archaeologistvorks with the discardedremainsof fish, shellfish,and
turtlesthat have beenrecoveredfrom archaeologicasites. Theseareidentified, with

referencdo comparatie fish bonecollectionsandstandardeferencevorks. Theiden-
tified bonesarethenquantifiedandthe resultingnumberausedto estimatetherelative
abundanceof the differentkinds of animals. Historianswork with records,docu-
ments,andobsenationsthatprovide information,moreor lessdirectly, ontheconduct
andresultsof inshorefishing. Thedatatake a variety of forms,mostlyfragmentarnand
incomplete andthe historians taskis to identify, interpret,andsynthesizehe useful
informationsothatit yieldsa coherentaccountof whathappenedn the past.

3.1.1 ArchaeologicalMethods

Thearchaeologicainethodsusefulfor estimatingpatternsof fisheryresourcexploita-
tion involve deriving estimatesof the relative abundanceof taxafrom the identified
bonesandshellsrecoveredfrom archaeologicaditesanddeterminingvhethertheiden-
tified remainsreflectthefull diversity of the prehistoriccatch.As it turnsout, estimat-
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ing the relative alundanceof taxafrom archaeologicatemainsis often difficult and
is intimately tied to the units usedto quantify the remains. This is anissuethat has
generated large, often contentiouditerature but no reporting standardsthus com-
plicatingandoftencompromisingefforts to summarizeandsynthesizepublisheddata.
Investigationsnto the diversity of the prehistoriccatchareoften subsumedinderthe
heading‘niche breadth. They areimportantfor determiningthe influenceof sizeon
therichnessandevennes®f a sample.Thegoalhereis to know how largea sampleis
neededo estimatehediversity of the catchfrom whichit derived.

At theoutsetjt shouldbe notedthatremainsrecoreredfrom anarchaeologicasite
are several stepsremoved from the catch,andthat at eachstep of the way potential
biasesareintroducedthat complicatethe inferencethat the abundanceof taxain the
archaeologicatollectionactuallyreflectthe abundanceof taxain the catch. A useful
wayto look atthis, setoutby Klein andCruz-Uribe(1984:3)considershevariouspop-
ulations,or assemblage&f which anarchaeologicatollectionmight be considereda
sample:

Life assemblageThe communityof live animalsin their naturalproportions;
Death assemblageTheanimalsthatareavailablefor deposition;
DepositedassemblageTheanimalsor portionsof animalsthatcometo restat a site;

FossilassemblageTheanimalpartsthatsurvivein asiteuntil excavationor collection;
and

SampleassemblageThe partof thefossil assemblag#hatis collectedby the archae-
ologist.

Here, the catchis calledthe deathassemblagendit is easyto seethat the archae-
ological collection, or sampleassemblageis usually only a partial reflectionof the
catch,separatedrom it by the vagariesof humandepositionpracticesthe breakdevn
of faunalremainsin the archaeologicasite over time, andthe recovery efforts of the
archaeologist.

Therearea hostof methodsby which faunalremains—themarineshellsandfish
and turtle bonesfrom archaeologicakites—canbe quantifiedand a large literature
thatsummarizeshe methodqseeKlein and Cruz-Uribe1984; ReitzandWing 1999;
Ringrose1993). Onereview of zooarchaeologgounted122 unique definitionsfor
quantificationmethods(Lyman 1994). Most commonlyusedin the Pacific are the
numberof identified specimenspften abbreviated NISP, the minimum numberof in-
dividual,or MNI, andweight. Eachof thesecanbeusedto estimateelative abundance
of taxain the sampleassemblge with varying degreesof reliability and difficulty.
Noneof thesemeasureslirectly estimateghe relative abundanceof taxain thefossil,
depositeddeath,or life assemblagé. The following discussiorattemptsto point out
thestrengthsindweaknessesf eachmeasurasanestimatorof therelative abundance
of taxain the sampleassemblage.

2A statisticknown asthe Lincoln Index, appliedto paired elements yields estimatesof the relative
alundanceof taxain the deathassemblagéRingrose1993:128ff.), but to our knowledgethis hasnot been
appliedto Pacific archaeologicalemains.

NISP
MNI
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Themeasurevith themostintuitive attractionis MNI, which estimateshesmallest
numberof individual animalsin the catchthatcould have producedall the remainsin
an archaeologicatollection. Relatve abundancesalculatedwith MNI are usedby
Pacific archaeologist&o corvey whatthe catchwould have lookedlik e whenlaid out
onamatafterafishingtrip” (Leach1997:6),a characterizatiothat playsup the con-
ceptualappealof countingindividual animals,but ignoresthe factthatMNI estimates
characteristicef the sampleassemblagandnot the deathassemblageMNI canbe
calculatedrom individual elementsfor examplethe umboof a gastropodpairedele-
ments suchasthedentaryof afish, or multiple elementsvheretheelementsannotbe
told apart,suchasvertebrae.The measures straightforvard whenit usesindividual
elementshut becomesomplicatedvhenpairedor multiple elementsareused,asthey
typically arewhencalculatingthe MNI of fish, turtles,or bivalves. The problemhere
is that MNI estimatesalculatedon pairedor multiple elementsare not additive; for
a giventaxon,the sumof MNI from sub-unitsof a collectionunit, e.g.the individual
1 m? excavationunits of a 20 m? excavationblock, will generallybe greaterthanthe
MNI calculatedor theunit becaus@airedor multiple element®f anindividualanimal
arecountedseparatelyf they arecollectedfrom differentsub-units.This characteristic
of MNI is discussedt lengthby Grayson(1984),who refersto it asthe aggreation
effect. In practicalterms,a literature sourcemustreportthe MNI of taxaidentified
by pairedor multiple elementsfor the unit of interestif the dataare to be usedfor
comparisonMNI areknown to over-estimateraretaxa,over-estimateaxawith mary
identifiablepartsin highly fragmentectollections,andunderestimatehesesametaxa
in collectionswith little fragmentation(O’Connor2001:706).MNI estimatesaresen-
sitive to stochastidactorsandin this way are muchlessrobustthanestimateamade
with NISP

Lessintuitively attractive is the NISP measurewhich, in practice,countsevery
identifiableelementand elementfragment® Taxawith a large numberof identifiable
elements—aood example,commonin Pacific faunalcollections,is the spiny puffer
of thefamily Diodontidae gachindividual of which hasapproximately600distinctive
dermalspineg(Leach1997:11)—willyield high NISP valuescomparedo taxawith a
smallnumberof identifiableelements A correctionfor this dividesthe NISPfor each
taxonby the numberof identifiable,or identified,elementsf the taxon,althoughthis
is rarely accomplishedn the Pacific. Also, taxawith identifiableelementghat frag-
menteasilyarelikely to be overrepresentedelative to taxawith sturdieridentifiable
elementsn collectionswith a high frequeng of fragmentaryremains. This is espe-
cially problematicwith collectionsof invertebrateremains,wheretiny fragmentsare
ofteneasyto identify. Despitethesepotentialproblemsmary investigatordind NISP
ausefulmeasuref relative taxonomicalundanceln ananalysisof fish remainsfrom
the Cook Islands,Nagaoka(1994) found that MNI and NISP valuesfor eachtaxon
variedin a predictablefashion,indicatingthatthey carriedsimilar informationon rel-
ative ahundancesThus,giventhe relative easeof obtainingNISP estimatesandtheir
mathematicamanipulability they appeato be superiorto MNI for mostpurposes.

Use of sampleweightsto estimaterelative abundanceof taxais relatively rare
amongarchaeologistg§ReitzandWing 1999:191) primarily becaus¢heweightof an

3An alternatve designatiorfor NISPis total numberof fragmentspr TNF.
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animalsremainsvarieswidely amongtaxa.A correctionfor this variability multiplies
theweightof identifiedremainsby avaluefor eachtaxonthatdescribesherelationship
of meatweightto the weight of inedibleremainsthat might be depositedn archaeo-
logical sites. Correctedin this way, boneweights provide estimatesof the relative
weight of meatcontributedby eachtaxonto the sampleassemblageA problemwith
this proceduras that,for mary taxa,the meatweightratio is not constanoverthelife
spanof theanimal(Casteell 978),a factthat might or might not introducesignificant
errorsinto ananalysis.In practice weightsareoftenusedto quantifyshellfishremains,
wherethey provide “a simpleand quite effective methodfor establishinghe relative
economicimportanceof differentshellfishtaxa” (Leach1997:8),but only rarely for
vertebrateemainswherethe useof MNI andespeciallyNISP aremorecommon.

3.1.2 Historical Methods

Fishery resourceexploitation patternscan be broken into two components:the at-
tributesof thefishingactuities; andthe attributesof the catch.

Potentiallyinterestingattributesof fishing activities includethe numberof people
fishing (calledhere“participation”), thetypesof fishinggearsandmethodsemployed,
andthe amountof fishing effort exerted.Fishingeffort is typically expressedn terms
of thenumberof people vesselsor fishinggearghatareactive perunit of time. When
expressedn a perunit-areabasis,fishing effort is sometimescalled “fishing effort
density’ Otherattributesinclude who fishesandwhereandwhenfishing occurs. In
this report,all theseattributesof fishing actities are sometimegenerallyreferredto
as“effort”

Potentiallyinterestingattributes of the catchinclude the numberor weight of a
givenresourcethatis harwested,producedjanded,or killed per unit of time. When
expressedn a perunit-areabasis,catchis called“yield.” Like effort, therearemary
waysto characterizandcatayorizethecatch,suchasby period,areahabitattype,taxa,
fishing method, motivation (e.g., commercial,recreational subsistence)disposition
(e.g.,consumedocally, exported,discarded)productform (e.g.,live, frozen,dried),
andthessizes,agesandsexesof thefish. For the purposef this assessmentwo of
the moreimportantcharacteristicef the catchareits speciescomposition,andfor a
given speciesjts size composition. In this report, all theseattributesare sometimes
generallyreferredto as“catch?”

Thefisheryresourcesxploitation attributesidentifiedabove canbeinferredfrom a
numberof typesof sourcesincluding:

1. directquantitatve measurementsf the attributes;
2. directbut only qualitative or anecdotabbsenationsof the attributes;and
3. circumstantiainformation.

The approacheshatcanbe usedwith eachof theseinformationtypesarebriefly dis-
cussedelow.

fishing effort
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Dir ect Quantitati ve Measurements A directquantitatve censuof all fishingeffort
or all catchduring a giventime periodin a givenareacouldyield highly preciseand
accurateestimate®f thoseattributes.If theestimatesverebasedn sampledata(e.g.,
from a creelsurwey) ratherthancensugdata(e.g.,from market data),they would be
somavhatlessprecise.

Although this is the mostvaluabletype of data, it is generallyrare. Evenwhere
detailedand reliable sampleor censusdataare available, they often compriseonly
smallsubset®f the measuref interestoftenfor relatively brief time periodsandsmall
areaslIn Hawai'i, for example,commerciainshorelandingshave beensystematically
censusedor morethan50 years but informationon non-commerciafishinghasbeen
generallylimited to theresultsof short-termsample-baseduneysin specificareas.

Dir ect Qualitati ve or Anecdotal Observations Dataof a descriptve andanecdo-
tal naturearerelatively common. The early yearsof the historicrecordin the Pacific

Islands,which aredominatedby the obsenationsof short-termvisitors from Europe,
containnothingbut dataof this type. Laterwriters, in the 1800s,including missionar

ies,colonialadministratorsyisiting researcher@ndlocal residentsleft moredetailed
documentatiomf fishing practicesput again little of it wasquantitatve.

Short-termobsenationsandinvestigationsoften yield documentatiorof typesof
fishingmethodsandtypesof exploitedresourceshut withoutary indicationof absolute
measure®f effort or catchor even of the relative importanceof variousmethodsand
species.Whereinformationis provided aboutthe latter—that is, the compositionof
effort by methodandthe compositionof the catchby speciesthe informationcanbe
misinterpretedn two ways. First, in the caseof obsenationsby outsiderstheremay
be a biastowarddocumentinghe moreexotic, exciting, andconspicuousnethodsand
speciesattheexpenseof morefamiliar, boring,andhiddenones.Thisis especiallytrue
of incidentalobsenations—thats, recordsmadeby obsenerswho did not specifically
setoutto examinethoseattributesof fishingactities.

Secondwhetherrecordedby outsidersor local people,it is difficult to distinguish
betweerculturalimportanceandeconomidmportance Or morepreciselyit is difficult
to distinguishbetweervalueandvolume.LeachandDavidson(1988),for example ex-
aminedtheimportanceof therainbav runner(Elagatisbipinnulatg ontwo Polynesian
outlier atollsin Micronesia,anddeterminedhatalthoughthe specieshadgreatsocio-
culturalimportanceasevidencedn folklore andsongi,its contritutionto thediet of the
atolls’ populationswasrelatively small (seeDalzell 1998). Similarly, pelagicfishing,
and skipjack tuna (Katsuwonusgpelamig in particular hasoften beenemphasizeds
beingespeciallyimportantin Hawaiian culture.Newman,however, arguedthat

[i]t is a spectaculatechniqueandthis might have caughtthe attentionof
theearlyobseners,who foundit romantic,but in termsof consistenfood
supplyit is a reasonableonclusionthat inshorewas the primary area,
followedby the benthic(Newman1970:56 57).

Circumstantial Measures For mary areasandtime periodsdirectinformationabout
the exploitation attributes of interest,whetherquantitatve or not, is lacking. That
leaves circumstantialinformation, of which thereare mary types. Describedin the
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paragraphghat follow are someof the indirect information typesthat are likely to

bethemostavailableandusefulwith respecto examininginshorefisheryexploitation
patternsn Hawai'i andAmericanSamoaluringthehistoricalperiod. Eachof thesein-

formationtypesis treatechereasa“f actor” or suiteof factorsjn thesensehatthey can
beusedto explain or infer certaincharacteristicef fisheryexploitation patterns Note
thatthesefactorsarealsopotentiallyusefulfor makinginferencesaboutthecharacter
istics and condition of inshoreresourcesa topic addressedh Section5. In general,
themoreof thesefactorsthatcanbe accountedor, the morepowerful the explanatory
modelwill be. Thesefactorsare roughly equivalentto what Jacksonret al. termed
“historical proxies” (in their case proxiesfor “ecosystemnstructure, in the context of

reviewing long-termhumanimpactson ecosystems):

Historicalproxiesincludedemographicgustomsandcommerciatecords,
aswell as explorers’ and naturalists’descriptionsof sights and events
andnauticalchartsmarkingreefs,coastalwetlands,and otherlandmarks
(Jacksoretal. 2001:637).

It is emphasizedhatthe directionof cause-and-é&ctamongthesefactorsandbe-
tweentheseactorsandthemeasuresf interest(i.e., catchor effort) cangenerallybein
eitherdirection,oftenmakingit difficult to make inferencesFor example anobsened
declinein the contribution of parrotfishto peoples diets might have beencausecdy
adeclinein the abundanceof parrotfishon the reef. Alternatively, it might have been
causedy anotherfactor suchasdevelopmentof improvedoffshorefishingtechnolo-
giesor ashiftin dietarypreferencaoward othermeatproducts.In thelatter casesthe
dietary shift likely would have beenaccompaniedy an increasein parrotfishabun-
danceonthereef,notadecreaseArmedonly with informationaboutthe dietaryshift,
it would be clearthatfewer parrotfishwerebeingcaught,but it would not be possible
to identify any changesn fishing effort on parrotfishor in parrotfishalundanceonthe
reef.

Fishing Effort and Catch Effort and catchwere identified above asthe main
attributesof interest,but they areincludedhereas potentially usefulindirect factors
becauseachof thetwo canbe usedto make inferencesaboutthe other A few exam-
plesfollow.

Themostimportantrelationshipamongexploitationattributesis thatbetweerfish-
ing effort andthe magnitudeof the catch. Unfortunately the complex natureof the
relationshipconfoundsheability to useoneto make inferencesaboutthe other Catch
canbeexpectedo increasewith increasingeffort only to a certainpoint, afterwhichit
will decreaséthe generakelationshipdescribedereis for equilibriumconditionsand
doesnotapplyto pulseor short-termsituations).

Characterizationef fishinggearsandmethodsarenotonly potentiallyusefulmea-
suresin themseles,but they arealsopotentiallyusefulin characterizinghe composi-
tion of the catch,sincefishing methodsareoften highly taxa-specific.

The compositionof the catchby taxareflectsnot just the fishing methodsused,
but alsothe relative abundanceof the differentspecieson the reef. For example,an
obseneddeclinein thecontribution of large carnivoresto the catchovera givenperiod
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couldbe explainedby eithera shiftin fishing strateies(i.e., speciesselectvity of the
methods)r adeclinein therelative ahundanceof large carnivoresonthereef. Further
thelatter case f supportedy the evidence,could bereflective of anoverallincrease
in fishing effort. This is becausdishing tendsto target the highertrophic levels and
larger sizesof fish. In otherwords,fishing effort canbe expectedto be relatedto the
speciescompositionof both the catchandthe exploited resourcesn the water For
example,seeButler (1994)andDalzell (1998)for an exampleof sucha differencein
thecompositionof the catchbetweersitesin prehistoricMelanesiseandPolynesiaand
Adamsetal. (1997)regardingthe samegeneraldifferentialpatterntoday

Justasfishingtendsto targetthe highertrophiclevels, it tendsto targetthe larger
fish within a given population,althoughthereare importantexceptions. So like the
compositionof thecatch,thesizestructureof the catchof particularspeciesanreflect
thelevel of fishingeffort. Thesizestructureof the catchcanalsobe usedto determine
absolutecharacteristicef the targetedpopulationswith respecto fishing, suchasthe
proportionsof the populationdbeingremovedperunittime (i.e., their fishingmortality
rates).

Human Population Size,Distrib ution, and Diet A promisingapproachn mary
situationgfor makinginferencesabouteffort andcatchis to usehumanpopulationsize
asanindicator Fishingeffort, for example,canbe expectedto be positively andfairly
stronglycorrelatedwvith humanpopulationsize. Humanpopulationsizeandcatchare
alsostronglyrelated,but the relationshipis more comple, sincethe directionof the
correlationbetweeneffort and catchis not consistentacrossall levels of effort. For
this reasonhumanpopulationsize aloneis not a goodindicatorof catchor trendsin
catch.It mustbe combinedwith knowledgeaboutwherethe populationsize—ormore
specifically effort—lies relative to the point at which the correlationbetweeneffort
andcatchchangedlirection.

The catchof a givenresourcecanbetreatedasbeingequalto the consumptiorof
theresourcewhereconsumptioris equalto the productof humanpopulationsizeand
averageper capitaconsumption With estimatef boththosemeasuresgatchcanbe
estimatede.g.Dalzell et al. 1996:Table 25). Estimatesof humanpopulationsizeare
availablein populationcensusesandfor earlieryears,in anthropologicaktudiesand
even casualobsenations. Potentialsourcesof percapitaconsumptionestimatesn-
cludenutritionalsurweys andothertypesof socioeconomi@ndanthropologicastudies
(Dalzell 1998,1991). Naturally, the greaterthe detail of the datawith respecto food
producttypes,themoreusefulthey arefor estimatingabsoluteor relative consumption
ratesfor particularinshorefisheryproducts. Importantchallengeswith this approach
includethefactthatthe compositionof peoples dietscanbe expectedo vary substan-
tially accordingto mary variables,including areaand time—particularlyseasonally
Titcombwrote that “Hawaiiansoften becaméond of the well-known fish of their re-
gion, fadsdeveloped,whims of the chiefsvaried” (Titcomb 1972:31). Naturally, the
compositionof the diet canbe expectedto vary accordingto distancefrom the coast.
And in highly stratifiedsocietiesthe dietsof differentsocioeconomiclassesnay be
quite different. Obsenationsof the diet of kingsmay be poorindicatorsof thediet of
commoners.
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Exports and Imports  Theamountof agivenresourcef interesthatis exported
from the areaof interestis in itself an interestingattribute, and it shouldobviously
betakeninto considerationf a human-population-afrconsumgion approactis used.
Generallyreeffinfishtendnotto betradedvery widely in the Pacific Islands but some
invertebratesare, or have been,so highly valuedabroadthat the amountsexported
have farexceededheamountsusedocally (Adamsetal. 1997).Examplesncludesea
cucumbergbéche-de-mepr trepang)(ClassHolothuroidea) trochusshell (Trochus
niloticus), andpearloysters(Pinctadaspp.).

Whenusinga humanpopulation-and-consuntipn approactit is alsoimportantto
accountfor imports, but this is muchmore complex thanaccountingfor exports be-
causét is a matterof determiningheimportedamountaotonly of inshoreresources,
but of all food itemsthat substitutefor local inshoreresourcesn the local diet. For
example,in mary Pacific Islands,importedfish and meatproductshave increasingly
replacedocal reeffish in the diet. From a practicalstandpointjt might be easiesto
treatthis factornotin termsof imports,perse,but ratherin the broadercontext of the
compositionof the humandiet, whichis addresseéurtherbelow.

Other Fisheries and Food Sources,and Dietary Preferences Peoples diets
(andthusfisheryresourcesxploitation patternsiarea function of mary factors—allof
which canbe treatedin termsof supply anddemand. At the mostbasiclevel, diets
are a function of the relative availability of differentfood sources.Peopleliving on
islandswith relatively largeamountf arableland, suchastherelatively largeislands
of Melanesia,arelikely to rely lesson fisheriesresourceghan peopleliving on the
smallerislandsof PolynesieandMicronesia.Dalzelletal. (1996)estimatedheaverage
annualpercapitaproductionof coastalfisheriesproductsto be 32 kilogramsfor the
Melanesianislands,comparedto 61 kilogramsand 63 kilogramsfor the islandsof
PolynesiaandMicronesiarespectiely.

Following are a few examplesof the typesof dietary shifts that might have been
importantduringthe historicalperiodin the Pacific Islands. The motivationto exploit
resourcesscost-efectively aspossiblewould generallyfavor inshoreandresources,
especiallyinvertebratespver offshoreand deepvaterresources.But asthe moreac-
cessiblaesourcebecamescarcerexploitationwould be expectedo shift towardwhat
wereformerly the moredifficult-to-catchresourcesandevento non-fisheryresources.
For example,Dalzell found thatin somePacific Islands:“. .. declinesin molluscre-
sourcesforced early humanpopulationsto increaseexploitation of other marinere-
sourcesandto rely increasinglyon agriculture”(Dalzell 1998:247).

The developmentand decline of non-inshorefisheriesis obviously linked to the
developmentof new andimproved fishing technologiesaddressedurther below, but
thefactordeadingto suchdevelopmentanbe muchbroaderIn Hawai'‘i, for example,
the offshorecommercialfishing industry developedthroughthe late 1800sand early
1900sin concertwith the rapid influx of immigrantsfrom Japanandelsevhere,who
cameto dominatethe industry The onsetof World War I, however, resultedin the
virtual elimination of offshorehanestingoperationsn Hawai‘i (Schug2001). This
abruptdecline,which did not reboundquickly afterthe war, musthave hadimportant
effectsontheinshorefishery
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Impr oved and New Fishing Technologies Fishingtechnologiesand methods
naturallyevolve with time, evenin highly isolatedsocieties.In casesvherenen ma-
terialsor ideasareintroducedfrom the outside,changesn technologiesand methods
canoccurrapidly. Someof the more conspicuousntroductionsmadein the Pacific
IslandssinceEuropearcontactincludemetal,usedto make hooksandspeattips, syn-
theticfibers,glassandplasticfacemasks motorizedvesselsscubaandhookahgear
syntheticpoisons dynamite andelectronicdepthsounderandnavigationdevices.

Aquaculture Thefarmingof reeffish productsfor food canbe treatedlike ary
alternatve food sources Becausdarmingis costly, the developmentof suchcultured
productionmight reflectthe degreeof scarcityof its wild counterpartBut suchdevel-
opmentcouldalsooccurindependentlypf changeén resourcescarcity suchasthrough
thedevelopmenbf cheapeculturetechnologiesThecostof culturedproductioncould
alsobe offsetby a preferencdor culturedproductoverwild product.

In the Pacificlslands aquaculturés mostlydoneto produceespeciallyhigh-valued
export products,suchasgiant clams(Tridacnidae)which, not coincidentally tendto
be relatively rare on the reef. Oneimportantexample of aquaculturefor domestic
consumptioris the useof brackishandsaltwaterfishpondsn Hawai‘i, a practicethat
goesbackat leasta few centuriedbeforeEuropearcontact.

SocialControls Theregulatoryernvironmentis acrucialfactor Directedresource
managementfor example, hasa generalaim of manipulatingeffort and catch, so
changesn the managementegime can alter effort and catch,and consequentlyat-
tributessuchas percapitaconsumptiorof particularresources An obvious example
is the impositionof a banon a givenresource.The resultcould be a decreasén its
catchto virtually zero,with no correspondinghangen, for example,humanpopula-
tion size. Clearly, effort andcatchpatternsareobviously very stronglyshapedoy the
socio-politicalervironment,including rulesimposedby secularandreligiousleaders,
patternsof fishingrightsthathave evolvedover centuriesandsocietys entirepackage
of socialnorms.Two examplesfollow.

Dye (1990)examinedthefactorsrelatedto adeclinein offshorefishingin the Mar-
quesasslandsduringthelate prehistoricaperiod,asevidencedn ashift from ahighly
variedto a simplefish-hookkit. He arguedthatthe declinewasrelatedto the rise of
a socialclasssystemthat led to a large portion of the populationincreasinglylosing
accesgo thefisheryresource.

Dalzell (1998) pointedout the effectsof the introductionof the SeventhDay Ad-
ventistChurchto the Pacific Islands.The churchproscribeghe eatingof, amongother
things, fish without scalesshellfish,turtles,anddugong,soislandsdominatecby Ad-
ventistshave becomeeffective refugesfor theseresources.

Biophysical Environment An obviouslyimportantfactor(or groupof factors)in
termsof the conditionof inshoreresourcesindpatternsof their exploitationis the con-
dition of the resourcessupportinghabitator ecosystemWhile a populations actual
productvity changen responséo the degreeof fishing pressureon the population jts
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potentialproductvity changesn responséo the conditionof its ernvironment,includ-
ing the broademreefsystem surroundingwaters,andall the otherbiological elements
of theecosystemln otherwords,the environments carryingcapacityfor theresource
of interestis subjectto change.

Somechangesn theconditionof theervironmentcanbetreatedasstochastivari-
ability aroundaverageor typical values,suchasyearto-yearchangesauseddy vari-
ationin oceanicconditions which affectrecruitmento the population.Otherchanges
aremoreenduring,suchasthoseassociatedavith climatic andoceaniceventsandcy-
cles. The frequenciesand periodsof suchchangesanrangefrom yearsor decades
(e.g.,storms;ENSOevents;outbreakof crown-of-thornsstarfish Acanthasteplanci)
to centuriesor millennia(e.g.,seatemperaturesealevel). Otherchangesremassve
andessentiallyirreversible suchasthosestemmingrom volcanicactiity anderosion,
bothabove andbelow sealevel.

Both naturaland anthropogenicshapersof ervironmentalconditionsare poten-
tially important. Examplesof anthropogenichangencludeterrestrialsourcef coral
reefdegradation suchasinputsof sedimentschemicalsandnutrientsfrom logging,
agriculture,and coastaldevelopment. Also potentiallyimportantin this cateyory are
ecosystem-leel effectsof fishing. For example fishingdown the populationof agiven
specieganresultin increasesn the abundanceof its prey andreductionsn theabun-
danceof its predatorsTwo examplesof anthropogenichangegollow.

After examiningfossil depositsaboriginalfolklore, andthe accountsf European
explorersandfishermenJacksoretal. (2001)concludedhattherecurrentmassmor-
talities of coralon the GreatBarrier Reeffrom the numerousrown-of-thornsstarfish
outbreakghathadoccurredsincel960werealmostcertainlynen phenomenaTheau-
thorssuggestedhatthe causeof the outbreaksvaseitherfishing down the starfishes’
predatorsor increasesn productvity dueto increasedrunoff of nutrientsfrom the
land—ineithercasethe causewvasfoundto be bothrecentandanthropogenic.

Jacksonet al. (2001) recountedthe vast declinesin the sizesof seaturtle and
dugongpopulationsn the Americasandthe Pacific thatoccurredasa resultof hunting
sinceEuropearcolonization. Theauthorsemphasizedhelik ely links betweerthe de-
clinein greenseaturtles(Cheloniamyda$ andthedie-off of turtlegrasshedsin Florida
Bay, andbetweerthedeclinein dugonggDugongdugor) andthedeclineof seagrasses
in MoretonBay, Australia.

The nameciguaterais givento atype of poisoningsufferedby consumerf fish
with sizableamountsof ciguatoxinswhich areproducedy dinoflagellateslt is seri-
ousenoughthatthe presencer absencef thetoxinsin reeffishis a highly important
productattribute to consumers.The prevalenceof ciguatoxinsin fish is highly area-
specific,taxa-specificandfish-size-specificthe lattertwo becausehe toxin becomes
more concentratedas it works its way up the food chain. Thus, ciguaterastrongly
affectsfisheryexploitation patterns. The prevalenceof ciguaterais alsoknown to be
relatedto broaderervironmentalconditions,so changesn thoseconditionscanalter
theprevalenceof ciguaterawith consequenimpactson exploitationpatterns.

ENSO

ciguatera
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3.2 Summary of Bibliographic Sources
3.2.1 ArchaeologicalSources

Archaeologicakourceof informationon reeffishingin Hawai‘i andSamoaaresum-
marizedin appendice8 throughl. Eachappendixcontainsatableof sourcesordered
sothat sourceswith the mostinformationarelisted at the top of the tableandthose
with the leastinformation are listed at the bottom. Thereare a large numberof ta-
blesbecauseachtable containsinformationon onekind of remains—shellfishfish,
or turtle—ata particularlevel of identification—tolowesttaxonomiclevel possibleor
not—andmeasureaonsistently—byNISP or weight. Presenteéh thisway, thetables
provide futureresearchergith anaidto finding the bestsourcef informationof any
particularkind.

Ar chaeologicalReports from Hawai'i  Thereview indicatesthat Hawaiianarchae-
ologistsregularly identify shellfishremainsto the lowest possibletaxonomiclevel.
Of the 355 reportsfrom which a quantificationof shellfish remainswas obtained,
314 reportedweightsfor taxaidentified to the lowesttaxonomiclevel possible(Ap-
pendixB). Collectively, Hawaiianarchaeologisthave identifiedmorethanl1.5 metric
tonsof shellfish. The individual collectionsrangewidely in weight from 286 kg to
lessthanl g. Forty-onereportssimply identifiedtheremainsas“shell” (AppendixC).
Thesesourcedypically reportedsmallershellfishcollections,rangingin weightfrom
33kgto lessthanl g, with atotal weightof 140kg.

Thereis greaterdiversity in the reportingof fish remains,with lessemphasison
identifying fish remainsthan shellfishremains. Of the 227 reportsof fish bonecol-
lectionsfrom which a quantificationof fish remainswas obtained,only 103 identify
fish bonesto the lowest possibletaxonomiclevel. Of these,75 quantify the remains
asweights(Appendix E, 25 quantify the remainsas NISP (Appendix D), andthree
quantify the remainsas MNI. Theselatter reportsinclude Davis (1991:60,61), who
identifieda minimum of 583 individual fish, RechtmarandWolforth (2000:25),who
identifieda minimumof 180fish, andAthensandMagnusorn(1998:31) whoidentified
aminimumof 55. The collectionsreportedasweightsrangefrom 14 kg to lessthan1
g, with atotalweightof 41kg. A total of 115,478 dentifiedfishboneswerereportedn
collectionsrangingfrom 32,052identifiedspecimenso 4 identifiedspecimensOf the
124reportsthatdon’t identify fish remainsto the lowestpossibletaxonomicunit, 112
reporttheremainsasweights(AppendixF) and12 reportthemasNISP (AppendixG).
The weightsof collectionsin which fish boneis notidentifiedto lowestpossibletaxo-
nomiclevel rangefrom 14 kg to lessthan1 g. The numberof identifiedspecimensn
collectionswherethe fish bonesare not identifiedto lowestpossibletaxonomiclevel
rangefrom 32,052specimengo 4 specimens.

Turtle boneis relatively rarely reportedin Hawaiian archaeologicateports;only
24 reportswerefoundthatlist turtle boneamongthe faunalremainsrecoveredduring
excavation. Fifteenof thesereporttheturtle remainsasweights(AppendixH) andnine
reportthemasNISP (Appendixl). Turtle boneis typically recoveredin smallamounts.
Amongthe collectionsquantifiedby weight, turtle bonerangesrom 78.5g to 0.75g.
Amongthosequantifiedoy NISP, turtle bonesrangefrom 212to 2.
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Ar chaeologicaReportsfrom American Samoa Thereis relatively little faunaldata
reportedfor AmericanSamoa.This is partly dueto factorsof preseration; mary ar-
chaeologicakitesin Samoaare locatedtodayin gardenlands,whosevolcanicsoils,
ably tilled for hundredsor thousandof years,have broken down and incorporated
organic materials,including shellsand animal bones,that were depositedin them.
Therearenine archaeologicasourceghatreportcollectionsof shellfishremains(Ap-
pendixJ); threeof thefour largestcollectionsderive from theManu‘alslands primarily
from shorelinedepositsof calcareousand.The singlerelatively large collectionfrom
Tutuiladerivesfrom aseriesof smalltestpits. Theotherfive collectionsarevery small
andit is unlikely thatthey containmuch usefulinformation on patternsof resource
exploitation.

Onefishbonecollectionfrom American Samoahasbeenidentified and reported
asNISP This is the work of Nagaoka(1993), who reliably identifiesthe patternof
fisheryresourceexploitation in the material. Identified fishbonecollectionsreported
asweightsare extremely small; Cleghornet al. (2000:37)reports18 g of fish bone,
Herdrichetal. (1996:65)13 g, Shapiroand Cleghorn(1999:62)10 g, andMoore and
Kennedy(1996a:47R g. Best(1992:33)reports98 unidentifiedfish bonesandEisler
(1995:77)talliesanotherl3 unidentifiedfish bones.

Turtle bonehasbeenreportedfrom two archaeologicasitesin AmericanSamoa.
Nagaokg1993:199200)reports89turtle bonescollectedfrom the To*agasite on Ofu
in theManu‘alslandsandLatinis etal. (1996:34)report9 g of unidentifiedturtle bone
from Ta'u Island.

3.2.2 Historical Sources

The historical periodsof Hawai'i and AmericanSamoaaredivided into sub-periods.
OneapproacHor selectingcorvenientsub-periodsvouldbeto chooséemporabound-
ariesthat correspondo watershedvents,suchassuddenchangesn systemsf gov-
ernanceor dramaticchangesn the way fisherieswere prosecuted Anotherapproach
would be to basethe sub-periodson the typesof informationthat are available. For
example,ayearin which fish landingsdatastartedbeingregularly collectedmight be
a corvenientstartingpoint for a sub-period.Here,alittle bit of eachof thesetwo ap-
proachess used,andthe resultis threesub-periods—thasamefor both Hawai‘i and
AmericanSamoaFollowing is a brief descriptionof the basisfor choosingthem.

Before 1900 Both Hawai'i and Samodfirst madecontactwith voyagersfrom Europe
in the late 1700s. Throughoutthe 1800sboth islandgroupswereinfluencedby
visiting explorersandtradersand by Christianmissionsthat establishedhem-
seles. The documentatiorof fishery exploitation patternsduring this period
consistamostly of qualitative information—firstasrecordedby short-termvisi-
tors,andlaterasrecordedby bothvisitorsandforeignandlocal residents.

1900to 1950 After yearsof disputeamongBritain, Germary, andthe U.S., Eastern
Samoavasanneedby the U.S. at theturn of the century just a few yearsafter
the anneation of the Republicof Hawai‘i. The exerciseof U.S. power brought
changeshataffectedbothfisheryexploitationpatternsandthe documentatiomf
thosepatterns.
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After 1950 After a strongmilitary presencen bothislandgroupsduring World War
I, their demographicandeconomieshangeddramatically Theinterestof the
federalgovernmentincreasedyresultingin statehoodor Hawai'i in 1959 and
substantiainvestmentsn the public sectorof AmericanSamoastartingin the
1960s. At the sametime, the amountand detail of information aboutfishery
resourcesindtheir exploitationgreatlyincreased.

Summarieof the bibliographyfor the historicalperiodare givenin AppendixK
and Appendix L for Hawai'i and American Samoa,respectiely. For eachof the
sourcegin rows),indicationsaregivenof thetypesof relevantinformation(in columns)
thatthe sourceprovides. The listed informationtypesare potentially usefulfor char
acterizingfisheryresourceexploitation patternsasdescribedn Section3.1.2,aswell
asfor characterizinghanges$n thosepatterngSectiord) andcharacterizingxploited
resourcesand changegherein(Section5). Theinformationtypesare numberedand
briefly describecbelon. The searchor historicalsourcedid not treatall theseinfor-
mationtypesequally—thecompletdist of sourceghattouchon all thelistedinforma-
tion typeswould be impossiblylong. Informationthatwasdirectly relatedto inshore
resourcesndtheir exploitationrecevedthe highestpriority.

In the tablesof appendiceK andL, thefirst throughfourth columnscollectively
describethe scopeof the informationprovided, with onecolumnfor eachof the three
sub-periodddentified above and one columnthat refersto the geographicabreaof
focus,if arny. The remainingcolumnsindicatewhetheror not the sourceprovidesa
giventypeof information.In thesdattercolumnsthecharactefx” is usedto indicate
thatthe sourceincludesinformationof thattype. For someof the informationtypes,a
“q" is usedto indicatethatat leastsomeof theinformationis quantitatve.

Column 1. Before 1900 Informationpertainingprimarily to the periodbefore1900.
Column 2. 1900-1950Informationpertainingprimarily to the period1900-1950.
Column 3. After 1950 Informationpertainingprimarily to the periodafter 1950.

Column 4. Area Any more specificareasof focus, suchas Main Hawaiian Islands
(MHI) or NorthwesterrHawaiianIslands(NWH]I), or specificislands(notethat

“Hawai'i” meangheislandof Hawai'i).

Column 5. Participation Informationon the numberof peopleor vesselengagedn
resourceexploitation;a“q” indicateshatquantitatve informationis provided.

Column 6. Fishing effort Informationontheamountof fishingeffort expendeda“q”
indicatesthatquantitatve informationis provided.

Column 7. Gearsand methods Informationon fishing gearsmaterials,or methods;

a“g” indicatesthat quantitatize informationis provided—specificallyquantita-
tive informationaboutthe compositionof fishing effort by gearor method.

Column 8. Catch composition Informationon the compositionof the catchby taxa,
including even casualremarksaboutparticularfish types;a “q” indicatesthat
guantitatve informationis provided.
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Column 9. Catch magnitude Informationontheamountof fishharnested)anded,or
killed perunit of time;a“q” indicatesthatquantitatve informationis provided.

Column 10. Catch per unit of effort Informationon catchperunit of effort; notethat
CPUE may be usedasan indicatorof resourceabtundancesoit fits within the
“resourcesizeandstatus”informationcategory, but it is treatedseparatehhere
becauseneasuresf CPUEarerelatively common;a“g” indicateshatquantita-
tive informationis provided.

Column 11. Resourcesizeand status Information on the size or productvity of a
givenresourcegitherin absolutetermsor relative to its potentialsize or pro-
ductiity; examplesincluderelatively directmeasuressuchasfrom undervater
visualsurweys,andestimateslerivedfrom fisheriesdata;alsoincludedare“par-
tial” measure®f resourcestatus,suchas of growth, mortality, or recruitment
rates;a“q” indicateshatquantitatve informationis provided.

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

Column 13. Human diet Informationon humanfood consumptiorpatternssuchas
amountof fish consumecder capitaper unit of time or compositionof the diet
by fishtaxa;a“q” indicateshatquantitatve informationis provided.

Column 14. Attrib utesof fishermen Informationonthecharacteristicef the people
engagedn fisheryexploitation, suchasby areaof resideng, socialor political
statusor ethnicity.

Column 15. Aquacultur e Informationon the degreeof developmentf, andproduc-

[Tp.i]

tion from, aquaculturea“q” indicateshatquantitatve informationis provided.

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

Column 17. Biophysical environment Informationonervironmentakonditions such
asdescriptionsof marinehabitatsandzonesin which exploitation takes place;
notethatciguatera-relatethformationis treatedunderthis type.

Column 18. Environmental changefr om non-fishing Informationonchangesn en-
vironmentalconditionsfrom cause®therthanfishing,whetheranthropogenior
natural.

Column 19. Environmental changefr om fishing Informationonchangesn erviron-
mentalconditionsspecificallycausedy fishing.

Column 20. Preferencesand values Informationon preferenceamong or valuesof,
food types,especiallyfor fisheryproducts;a “q” indicatesthat quantitatve in-
formationis provided,suchasprices.
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Column 21. Mark etsand trade Informationon the dispositionof locally produced
fisheryproductsandthelocal useof importedfood productsa“q” indicatesthat
guantitatve informationis provided.

Column 22. Other fisheriesand food production Informationontheprevalenceand
relatveimportanceof fisheriesandotherfood productionactiities otherthanin-
shorefisheriesgitherassource®f livelihoodsor source®of food; a“q” indicates
thatquantitatve informationis provided.

Column 23. Bibliography Whetheror not the sourceis a substantiasourceof other
informationsources.

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

This sectionbuilds uponthe materialpresentedn the previous sectionsto assesshe
potentialof thereviewedsource®f informationto describepatternof fisheryresource
exploitation. This is a fundamentabtepin the analysisof boththe archaeologicadnd
historicalsourceswithout the ability to describepatternsof fisheryresourcesxploita-
tion, subsequerdgtepsdesignedo identify change®ver time cannotbe pursuecconfi-
dently.

3.3.1 PatternsBasedon Ar chaeologicalSources

The archaeologicasourcesfor American Samoaprovide information on patternsof
fisheryresourceexploitation for oneisland, Ta‘u in the Manu‘a group. The archaeo-
logical faunalcollectionsfor thatislandhave beenably analyzedby Nagaoka(1993),
but it is not possibleto determinewith the availableevidencewhetherthe situationon
Ta'u was characteristiof the restof AmericanSamoaor wasidiosyncraticin some
way. Experienceén Hawai'i suggestshatthelattermight bethe case.

The typical archaeologicafaunalanalysisin Hawai‘i focuseson the environmen-
tal zonesthat were exploited andthe fishing techniqueghat might have beenusedto
capturetheanimalswhoseremainswererecoveredfrom thearchaeologicasite. There
areseveralexcellentdescriptionof patternsof fisheryresourcesxploitationin thear
chaeologicaliterature(e.g.Kirch 1982;Goto 1986;Hay et al. 1986). Thesegenerally
portraylocalfishingindustrieghatarewell-adaptedo thetypesof resourcesvailable
in nearshoravatersin the immediatevicinity of the archaeologicasitesfrom which
faunalremainsare collected. Thus,the overall pictureis oneof resourceexploitation
patternghatvary with variationsin nearshoranarineenvironment. The samepattern
might be expectedin Samoavhenfaunalcollectionsfrom otherislandsareexcavated
andanalyzed.

Thereis a surfeitof archaeologicainformationon fisheryresourceexploitationin
Hawai'i thatis suitedfor analysisalongthelinesof the studiescitedabove. A synthe-
sis of the available materialscanbe expectedto firmly establishtraditionalHawaiian
patternsof fisheryresourceexploitationthroughmuchof the archipelago.
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3.3.2 PatternsBasedon Historical Records

The potentialto describepatternsof fishery resourceaxploitation basedon historical
sourcegrom Hawai'i andAmericanSamods outlinedin thefollowing sectionswhich
breakdown the historic eraof both groupsinto threeperiodsbasedon the typesand
quality of availablefisheryinformation.

Hawaii—1778to 1900 For the period1778-180Chereis little informationin his-
torical sourceghatis relevantto describinginshoreresourceexploitation patternsin
Hawai'i. The journalsof the early Europeanvoyagerscomprisevirtually all of the
availableinformation(e.g.Cook 1974). In searchingor informationaboutpastfish-
ing practicesNewman (1970)reviewed the journalsof the principalsin all the major
voyagesby Europeanghat visited Hawai‘i up until 1800andfound little of interest,
concluding:

Thejournalschecledduringthecourseof thisresearcltonstitutevirtually

the whole of written literature available for the late eighteenthcentury

As canbe seen the picturedevelopedfrom thesesourcess exceedingly
sketchyandaboutall thatis known is that netsandfishhookswerein use
duringthis period(Newman1970:52).

For theperiod1800to 1900therewereotherexploratoryvoyageseachingHawai'i
that yielded documentatiorof fishing patterns— again,mostly anecdotainformation
aboutfishinggearsandmethods(e.g. Campbell1816;Reynolds 1835; Wilkes 1845).
As the nineteenthcenturyprogressedmuch more detailedaccountsof fishing gears
andmethodsandthe predominanspecieshatwerecapturedby themwerewritten, as
weredescriptionf the broadersocio-politicalandeconomicenvironmentsin which
fishingwascarriedout (e.g.Ellis 1836;Beckley 1883;Corney 1896;Kamakaul976;
Malo 1951; Deering1899). Kahaulelio(1902), for example,recordedhis firsthand
accountsasafishermarandobsener of fishermenjncludingpersonamemoriesasfar
backasthemid-1800s.

Theseand mary othersourcesdatingbackto the time of Europeancontactwere
reviewed and synthesizedy Titcomb with respecto finfish Titcomb (1972)andin-
vertebratedTitcomb (1978), with a focuson the useof fish asfood andthe customs
relatedto the useof fish. Buck (1957) documentedhe materialaspectf fishing.
Newman(1970)reviewedhistoricalsourcego reconstrucfisheryexploitationpatterns
during eachof four successie periodsbetweenl778and 1900. The datarevealedin
the review were mostly limited to descriptionsof fishing gearsand methodsandthe
predominanspeciecaughtwith eachmethod.

Thetraffic of whalingshipsin the 1800shasbeenseerasapotentiallyusefulsource
of information aboutfishing 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 andrelatedactiities underwentdramatic
and suddenchangedetweenEuropeancontactand 1900, including the extensionof
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themonarchyto all the Main HawaiianIslandsin 1810,the abandonmenbf the kapu
systemin 1819,andKing Kamehameh#l’ senactmenof asetof lawsin 1839thatap-
portionedHawai'i’ s fishinggroundsamongthe commonersthe landlordsor konohiki,

andhimself. Thefishing-relatedaws of the Kingdom,aswell asthe constitutionitself,

continuedto undego substantiathangeghroughoutthe century Accountsof these
changesare available in mary works, including contemporarywritings (e.g. Jordan
and Evermannl1902; Masseel926; Kosaki 1954) and relatively recentreviews (e.g.
Iversenretal. 1990b).

One potentiallyfruitful approachfor the periodprior to 1900would be to exam-
ine historicalsourcesaboutthe useof fishponds.Becausef the relative durability of
Hawai'i’ s fishpondspbsenationsmadeup to the presenicanbe usedto evaluatepat-
ternsof exploitation prior to 1900andeven prior to Europearncontact. As discussed
in Section3.1.2,informationaboutfishpondscanrevealcharacteristicef notjust pro-
ductionfrom the ponds,but of inshorefisheriesin general,becausdhe development
andoperationof pondswasprobablycloselyrelatedto aspect®f the capturefisheries.
Thoserelationshipsvereprobablyshapedy the degreeof wild resourcescarcity the
prevailing systemf tenureandrulesregardingaccesso theresourceandpreferences
amondfish products.For example the apparentlysubstantiatostsof constructingand
operatingishpondsouldhave beenjustifiedby alack of wild fisheryresourcesAlter-
natively, pond-producefishmayhave hadgreatewaluethanwild-caughtfish, perhaps
by virtue of their statusasa food of theelite, or the pondsthemselesmight have been
valuableas chiefly possessions Fishponddevelopmentmight also be explainedas
the resultof the naturaltendeng for peopleto encloseand own what are otherwise
boundary-lessesourcesWhatever the rootsof fishponddevelopmentwere,obsera-
tions of the number sizes,andlocationsof ponds,estimateof their productvity, and
obsenationsof their degreeof decayat given pointsin time (e.g. Cobb1903,1905b;
Bell andHiggins 1939;Summersl964;Devanegy et al. 1976)canprobablybe usedin
combinationwith informationaboutthe prevailing demographicsocio-political,and
economicconditionsto revealimportantaspect®f inshoreexploitation patterns.

Finally, the size,distribution, andcompositionof Hawai‘i’ s humanpopulationun-
derwentprofound changedn the period up to 1900. Even a crude examinationof
humandemographicsvould reveal someof the basic characteristicof inshoreex-
ploitationpatternsMore refinedinferencesouldbemadeif demographiénformation
wereexaminedtogethemwith otherimportantfactors suchasshiftsin fishingmethods,
compositionof peoples diets, social controlsover fishing, and the labor and food-
productionaspect®f thelocal economy

In summary the utility of the informationdirectly relatedto inshorefishing that
is available for the pre-1900periodis mostly limited to making a catalogof gears,
methods,and exploited species.Most of the available sourcesdescribethe relation-
shipsbetweenparticularmethodsand speciesonly very loosely but several authors
have attemptedo provide rigorousdescriptionsf which speciesvere capturedwith
which methods(e.g. Newman 1970:Table5). From the available sourcest is possi-
ble to make someinferencesaboutthe relative importanceor prevalenceof certainof
thesemethodsandspeciesput asnotedin Section3.1.2,thereareconstraintgo using
thistype of information. Thereis alsoa substantiahmountof informationavailableto
reconstrucbtherimportantattributesof fishing patternsjncluding who fished—such
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asindividualsversusgroups,whenandwherethey fished,someof the customsand
ritualsassociatedavith fishingandthedistribution of thecatch,andmoregenerallythe
system®f authorityandcontrolsunderwhichfishingtook place.Mostimportantly in-
formationaboutthe size,distribution, andcompositionof Hawai‘i’ s humanpopulation
canbeusedasa powerful explanatoryfactorwith respecto inshorefishingattributes.

Hawaii—1900to 1950 The U.S. Governmentmadeits first efforts at documenting
fishing patternsn Hawai‘i in 1901,whenJohnCobb,aspartof alargerinvestigation
by the U.S. FishCommissioncompiledwhatappeargo bethefirst setof quantitatve
dataon commercialffisheriesactivity in Hawai‘i—primarily for the year1900(Cobb
1903).A secondnvestigatioranddatacompilationfollowedin 1903(Cobb1905b).

In 1928 the Territory of Hawai'i' s Board of Commissionerof Agriculture and
Forestry throughits Division of FishandGame startedincludingdataon commercial
fishlandingsandvalue,aswell asthe numbersf fishinglicensedssuedijn its biennial
reports. Between1948 and 1959, the Division also publishedmonthly statisticsof
the commercialcatchby species.The Division of Fishand Gamebecamepart of the
Departmenbf Land andNaturalResourcedn 1962andlaterchangedts nameto the
Division of AquaticResources.

Hamamoto(1928)usedcommercialdataprovidedin the 1927issueof the annual
publicationHawaiianJapanes@nnual & Directory (Nippu Jijisha-1941,in Japanese)
to make anestimateof total commerciafisheriesproductionin Hawai'i. It is notclear
whetherthe datain the Directory camefrom the Territory of Hawai‘i reportsor from
othersources.In 1938, Bell andHiggins (1939)investigatedHawai'i’ s fisheriesand
their potentialfor developmentthrougha visit to Honolulu andHilo. They compiled
fish salesdatafor the years1928through 1937 and remarled on changeghat had
occurredsinceCobb’s 1901investigation.

With Hawai'i’ sanneationby the U.S.in 1898cameprofoundchangesn the way
fisheriesveremanagedThesizeof the humanpopulationgrew, especiallywith immi-
grationandthe developmentof the sugareconomy The distribution of the population
also shiftedwith continuingurbanization. Descriptionsof theseand otherimportant
socio-politicalandeconomicchangesrereadily availablein mary works.

In summaryquantitatve dataon fish landingsandvalue,by speciesarea,andpe-
riod, are available for mostof the first half of the twentiethcentury but quantitatve
informationaboutnon-commerciafisheriesappearsotto be available. Closerexam-
ination of the commercialdataalongwith circumstantiainformationwould probably
yield a reasonableestimateof the contribution of the commercialcatchto the total
catchand therebyindicate just how usefulthe commercialdataare for making in-
ferencesaboutthe entireinshorefishery In ary case,catalogsof fishing gearsand
methodsand exploited speciescould be constructedrom the numerousavailablede-
scriptions.Determiningthe relative importanceof particularmethodsor speciesould
be doneto a certainextent. As with the pre-1900period,examinationof the prevailing
socialnormsthat governedfishing-relatedactiities would likely revealimportantas-
pectsof inshorefishing patternsaswould informationaboutthe useof fishpondsthe
broadereconomyandespeciallythe size,distribution, andcompositionof the human
populationaswell aspeoplesdiets.
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Hawaii After 1950 Iversenet al. (1990b)documentedhe personalaccountsof a
numberof native Hawaiian fishermen,former fishermen,and elders. Although the
investigationwasnot, with the exceptionof lobster focusedon inshorefishing, some
of the accountsdid refer to inshorefishing. Most of the information relatedto the
secondhalf of the 1900s,but someof the accountseachednto the first half of the
century

Commerciafisheriesdatahave beensystematicallyeportedn Hawai‘i since1900.
The datacollectionsystempresumablymprovedits degreeof coverageandreliability
over time, and 1948is the earliestyearincludedin the Stateof Hawai'i' s Commer
cial FisheriesReportingSystemand associatedlatabasemaintainedby the Division
of Aquatic Resourcesince1948. Fishermerthat sell any portion of their catchare
requiredto be licensedby the state,and licensedfishermenare requiredto submit
monthly reportsto the Hawai'i StateDivision of Aquatic Resourceswhich maintains
andprocessethe datain its CommercialFisheriesReportingSystem. Saltwaterfish-
pondoperatoraandaquariunfish collectorsarerequiredto submitspeciafforms—the
PondOperators Monthly Fish Reportandthe Aquarium Fish CatchReport,respec-
tively.

Until October2002,the commerciadatawerelimited to landingsonly; sincethen,
the entire catch,including discards are supposedo have beenrecorded.Fishing ef-
fort, by geartype, startedbeingrigorouslyrecordedn October2002;up to thattime
fishing-dayswvasthe only measuref fishing effort. The salesvalueof landingsis also
recorded—befor®ctober2002 by the fishermen,and sincethenthrougha separate
datacollectionprogramfor primaryfish dealers.

The commercialdataare usedby the Division of Aquatic Resourcedo produce
regularreportswith volumesandvaluesof commercialandings by speciesarea,and
method(e.g.,CommercialMarine LandingsSummaryTrendReport,producedy the
Division of AquaticResourcesincel997). Thedataarealsoavailableonthewebsite
of the WesternPacific FisheryInformation Network, or WPacFIN (WPacFIN, Hon-
olulu Laboratory NationalMarine FisheriesService2003),andthey aresummarized
andcompiledin annualreportsproducedas“Fishery statisticsof the WesternPacific”
by the WPacFIN. More detailedoutputsof the commercialdatawith respecto thein-
shoreresourcesnanagedinderthe FisheryManagemenPlanfor Coral ReefEcosys-
temsof the WesternPacific Region (WesternPacific Regional Fishery Management
Council2001),includingtime seriesfrom 19660f commercialandingsandcatch-per
unit-effort, areavailablein DeMello (2003);WesterrPacific Regional FisheryManage-
mentCouncil (2002). Most of thesenational territory, andstategovernmentakources
includeseparatelatafor fishpondproductionandvalue.

Data on non-commerciafishing activity in Hawai'i, often generallyreferredto
as“recreationalfishing” in theliterature,have never beensystematicallyandregularly
collected.Thebestavailablesourcesreshort-termandlocale-specifisurweys,usually
relying on creelsamplingapproacheand/ortelephondnterviews. Examplesnclude
a 1990-1991surwy of the small boatfishery of O‘ahu (Hammand Lum 1992) and
creel-typesuneys at HanaleiBay on Kaua'i (Friedlanderet al. 1995; Eversonand
Friedlande2003),Hilo Bay on Hawai‘i (KahiapoandSmith1994;Lowe etal. 1995),
andKane‘oheBay on O‘ahu(Everson1994;EversonandFriedlande2003).

Someof thesesurweys were conductedunderthe Main Hawaiian IslandsMarine
Resourcesnvestigation(MHI-MRI), a cooperatie initiative coordinatedoy the State
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of Hawai'i Divisionof AquaticResourceflowe 1995ap). Theprojecthasfocusedon
five demonstratiorsites: Kane‘oheBay on O‘ahu, Hilo andKailua-Konaon Hawai'i,
HanaleiBay on Kaua'i, andthe Kihei Coaston Maui. Thereportsof all theinvestiga-
tions conductedunderthe initiative will soonbe available on a web site dedicatedo
theMHI-MRI (M. K. Lowe, Hawai'i Division of AquaticResourcegpers.comm.).

Comparisonsdetweencreel suney dataand the commerciallandingsdatahave
revealedargedisparities—possiblguebothto underreportingf commercialandings
andthefactthatnon-commerciatatchesarerelatively large (Friedlanderl996;Lowe
1995a).

The Hawai'i Marine RecreationaFishing Surney (HMRFS), initiated by the Na-
tional Marine FisheriesService(NMFS) and the Hawai‘i Division of Aquatic Re-
source§HDAR) in 2001,is a creel-typesurey designedo cover all inshorefishing
in the Main Hawaiian Islands. Effort and catchdataare collectedthroughthe Ma-
rine RecreationaFisheryStatisticsSurwey (MRFSS) which hasbeenconductedn the
continentall.S. since1979(Division of Aquatic ResourcesDepartmenbf Land and
NaturalResourcesStateof Hawaii 2003). Datafrom the Hawai‘i surey have notyet
beenmadeavailable.How long the surwey will continueis notknown.

In an effort to synthesizehe resultsof the variousrecreationafishery datasets
andmake themmoreuseful,the FisheriesMonitoring EconomicsProgramof the Pa-
cific IslandsFisheriesScienceCenter(PIFSC;formerly the Honolulu Laboratoryof
the SouthwesFisheriesScienceCenter)initiated the RecreationaMeta DataProject.
The projectfocuseson the pelagicfisheries,but datafrom the inshorefisherieshave
beencompiled,aswell. Reportsanddatafrom varioussurweys andinvestigationsgo-
ing backasfar as 1928, are available on the projectweb site (FisheriesMonitoring
EconomicsProgram Pacific IslandsFisheriesScienceCentemd).

Mostinshorefishingin the NorthwesterrHawaiian Islandsis of a commerciaha-
ture, so the dataare generallyavailable throughthe Stateof Hawai‘i' s Commercial
FisheriesReportingSystemwhich hasheenmanagedy the Division of Aquatic Re-
sourcessince1948. The lobsterfisheryin the NorthwesterrHawaiian Islands,which
startedin 1979andexpandedapidly in the 1980s,is federallymanagedo a separate
setof datais available. Thesedataare maintainedby the PIFSCand periodicallyre-
portedin avarietyof forms,includingthetechnicakeportsof the PIFSCandtheannual
reportson the “Crustacearf-isheriesof the WesternPacific Region” publishedby the
WesternPacific Regional FisheryManagemen€ouncil.

A recreationainshorefishery operatedat Midway in the NorthwesterrHawaiian
Islandsduringthelasthalf of the 1990s.Fisherieddatawerecollectedandmanagedy
theU.S.FishandWildlife Serviceafter1996.

Hawai'i’ sfisheriegegulatoryenvironmentcontinuedo undegosubstantiathanges
in thesecondhalf of thetwentiethcentury Theeconomyshiftedto tourism,which, to-
getherwith continuedpopulationgrowth, wasaccompaniedy physicaldevelopment
on a fairly large scale,with consequenimpactson inshorehabitatsand ecosystems.
Accountsof theseand otherimportantsocio-political,economic,and ervironmental
changesrereadilyavailable.

In summary a numberof quantitatve datasetsfor non-commerciafisheriesbe-
cameavailablesince1950. Althoughmostof thesesourcesontainonly short-termand
locale-specifiddata, togetherwith the more regular andlong-termcommercialland-
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ings data,they canbe usedto infer fairly detailedcharacteristicef Hawai'i’ s overall

inshoreexploitationpatterns Effortsareincreasinglybeingmadeto synthesizehevar-

ious datasourcesn orderto bettercharacterizéHawai'i’ s inshorefisheries,including
theRecreationaMetaDataProjectandstudiesconductedinderthe Main Hawaiian|s-

landsMarine Resourcetvestigation Althoughthemoredetailednatureof theinshore
fisheriesdatain the post-195Qperiodlessenghe needto rely on circumstantiainfor-

mation, suchinformation canbe usedto validatefindingsandto explore the factors
that shapefishery exploitation patterns. Lik e the pre-1950period, potentially useful
circumstantiainformationincludesdemographi@nddiet dataandinformationabout
fishing-relatedtontrols.Informationthatis especiallyrelevantfor thepost-195(eriod
includesexportandimportdataandinformationabouttheconditionof inshorehabitats
andecosystemsThelatteris morefully addresseth Section5.

American Samoato 1900 Thefirst Europearvoyageto visit Samoaappearso have

beenthatof JacobRoggereen who did notlandbut who metSamoanshatboardechis

vesselwhile anchoreff the Manu‘agroupin 1722. The crew of thede Bougairville

voyagesimilarly did notland, but they madecontactandtradedwith Samoangn 1768
(de Bougairville 1772). Membersof the expeditionof La Pérouseactually setfoot

on Samoarsoil in 1787,0n Tutuila (La Pérousel799). The voyageof the Pandor,

captainedy Edwards,whowassearchingor the Bountymutineersfollowedin 1791.
Otherearlyvoyagesthatreachedsamoancludedthoseof de Freycinetin 1817-1820,
von Kotzelue in 1815-1818and 1823-1826,d'Urville in 1838, and Wilkesin 1839
(Wilkes1845). The Wilkes Expeditionis especiallynotablebecausét resultedin the

appointmenbf an AmericanConsul,anaccessagreementor U.S.vesseldo usePago
Pago Harbor, and the establishmenbf the first rulesimposedby Westerners. The

fishing-relatednformation available in the accountsof thesevoyagesappeardo be

limited to description®f fishingmethodssuchasthoserecordediuringthe La Pérouse
voyage(La Pérousel799).

Otherhistorical sourcedor the nineteenthcenturyinclude the writings of Chris-
tian missionaries.The first missionarieto Samoawere the Wesleyans,who arrived
in 1828. Much moreinfluential, however, wasthe LondonMissionarySociety now
known asthe CongregyationalChristianChurchof Samoajed by JohnWilliams start-
ing in 1830(Holmes1974). Europeammissionariesoonfollowed. Missionariesand
othernon-natve residentduring the early 1800swrote accountsof fishing practices
(Williams 1840; Moyle 1984; Turner1989; Stair 1983). As with the early explorers,
thesdfishing-relatedaccountsveremostlylimited to qualitative descriptionf fishing
materials,gears,and methods but they were accompaniedby descriptionsof house-
hold andvillage economiesand of the socialand political ernvironmentwithin which
fishingwaspracticed giving afairly strongsenseof theimportanceof fishingandfish
productsandthe socialnormsgoverningfishing andthe useof fish. Also important
is the factthat theseaccountggenerallyrelied not just on first-handobsenations,but
alsoon the knowledgeof local informants,which includedboth their own memories
andthe fartherreachingmemoriesof societyasa whole, asreflectedin stories,leg-
endsproverbs,andotherformsof knowledgepassedmonggenerationskor example,
mary of theproverbscompiledandcollectedoy Schultz(1994)in themid-1800gelate
to fishingpractices.
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Much of therelevantfishing-relatednformationin thesourcegpublishedduringthe
1800swascompiledandsynthesizedy Kramerin 1902,who addedthe accountsof
his own informants aswell (Kramer1995).His description®f fishinggearsmethods,
andpracticesaswell asof the reefernvironmentandsomeof the particularresources
thatwere harwestedareparticularly detailed. Also potentiallyusefulare someof the
not-yet-translategublicationsof Germanwriters,suchasDemandt(1913).

In summary the utility of the informationdirectly relatedto inshorefishing that
is available for the pre-1900periodis mostly limited to making a catalogof gears,
methodsandexploitedspeciesFromtheavailablesourcest is possibleto make some
inferencesabouttherelative importanceor prevalenceof certainof thesemethodsand
specieshut asnotedin Section3.1.2,thereare constraintso usingthis type of infor-
mation. Thereis alsoa substantiahmountof informationavailableto reconstrucother
importantattributesof fishing patternsincludingwho fished—suctasindividualsver-
susgroups,whenandwherethey fished,someof the customsand rituals associated
with fishing andthe distribution of the catch,and more generally the systemsof au-
thority andcontrolsunderwhichfishingtook place.InformationaboutSamoas overall
economyparticularlythedevelopmenbf the plantationeconomyin thelasthalf of the
1800s,canbe usedto determinegheimportanceof inshorefishingasbothalivelihood
anda food source.Perhapsnostimportantly informationaboutthe size, distribution,
andcompositionof Samoas humanpopulationcanbe usedasa powerful explanatory
factorwith respecto inshorefishingattributes.

American Samoa—190@o 1950 Theturn of thecenturysav the anneationof the
easternislandsof Samoaby theU.S.,whosenavy administereddmericanSamoauntil
afterWorld War Il. Thereareanumberof sourceghatdescribeéhenew administration
andits effects(e.g. Gray 1960). Although the annexation was obviously a profound
changeon somelevel, somewriters, suchasHiroa (1930), provided evidencethat it
hadrelatively little effectonindigenoussystemf authority

Hiroa (1930)documente®amoammaterialculture,includingdetaileddescriptions
of fishing materials devices,andmethodsand someof the principal specieaptured
with eachmethod.

In summary quantitatve fisheriesdataweresstill not availablein the first half of
thetwentiethcentury Lik e the pre-1900period, detaileddescriptionsf fishinggears
andmethodsareavailable,andthereare numerougiescriptionsof the broadersocio-
political and economiclandscape.As with the pre-1900period, examinationof the
prevailing socialnormsthatgovernedfishing-relatedactivities would lik ely revealim-
portantaspectof inshorefishing patternsgspeciallyif examinedtogetherwith infor-
mationaboutthe size,distribution, anddiet of the humanpopulation.

American SamoaAfter 1950 Inshorefisheriesinformationfor the 1950sand1960s
appeardo be limited to qualitatve descriptions.For example,Van Pel (1956), of the

South Pacific Commission,madea brief assessmendf American Samoas fisheries
in 1954. The focusof the reportwas pelagicresourcesut it includedsomegeneral
statementsboutthe characteristicef theinshorefishery Holmes(1974)documented
obsenationsof fishing practicesnadeduringvisitsin 1954and1962.
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The AmericanSamoanGovernmentstartinggatheringfisheriesdataon a regular
basisin 1971, collecting catchreportsfrom foreign andlocal fishermen. Thesedata
weresummarizedn annualreports(e.g.Aitaoto 1985). However, sincethe reporting
by local fishermenwason a voluntarybasis thereportingratewasrelatively poorand
thedatawerefoundnotto bevery usefulwith respecto subsistencéshing.

Startingin 1975,quantitatve estimate®f effort andcatchstartedto becomeavail-
ablefor theshorelinefisheryof theislandof Tutuila. Hill (1978)madeobsenationsof
theinshorefisheryalonga portionof the Tutuilashorelinein 1975and1976,providing
detaileddescriptionof therelative useof variousmethodsaswell aswho usedthem
whereandwhatervironmentalconditions.Hill alsoprovidedquantitatve estimate®f
effort andcatch. In 1979, the approachusedby Hill wasexpandedo cover a larger
portion of Tutuila (Wass1980). The shorelinecreelsurey wasrestartecon a regular
basisin 1990(seePonwith1992)andit producedTutuila-wide estimatef shoreline
effort andcatch,by methodandspeciesfor the years1991through1995(Craigetal.
1993; Saucermari994,1995b,a; WPacFIN, Honolulu Laboratory National Marine
FisheriesService2003).

Boat-basedishing aroundTutuila startedbeingmonitoredthrougha creelsurey
in 1979,but it waslimited to majorlandingsitesthatweremostly usedby commercial
fishermenandit wasnot until 1985that the boat-basedreelsurwey coveredall the
fisherycomponents.

Sincel990,commerciafishsalespy specieshavebeencensusethroughareceipt-
basedmonitoringsystem.The systemwasrecentlymodifiedsuchthatfishingmethod
is alsorecorded. Fish imports are monitoredthroughthe samesystem(WPacFIN,
HonoluluLaboratory NationalMarine FisheriesService2003).

The datafrom the shorelineand boat-basedurweys andthe salescensusare col-
lectedandmanagedy the Departmenbf MarineandWildlife ResourcesThroughthe
WesternPacific FisheriednformationNetwork (WPacFIN),thedataarecompiledinto
annualreportspublishedby the Pacific IslandsFisheriesScienceCenter aswell asre-
portsof theAmericanSamoasovernment.ThedataarealsoavailableontheWPacFIN
website (WPacFIN,HonoluluLaboratory NationalMarine FisheriesService2003).

Also available for the latter part of this sub-periodare the resultsof occasional
interview-basedsurweys that had primary objectives other than quantifying effort or
catch. Theseinclude Severanceand Franco(1989); DesRochersand Tuilagi (1993);
Tuilagi and Green(1995), and Currenand Sauafeg2000). Someof thesesoughtto
documentcurrentconditionswhile othersalso exploredthe past. For example,Sev-
eranceand Franco(1989) examinedhistorical sourcesof informationwith respecto
offshorefishing. Their findingsalsorelatedto someinshorespeciesincludingsharks,
trevallies (Caranx spp.),and somedemersabpeciesjncluding spiny andslipperlob-
stersand certaingroupers. The authorssoughtandfound remarkablecontinuitiesin
fishing practicesfrom the pre-Europearcontactperiod (as evidencedin legendsand
proverbs)into the 1980s albeitit with importantchangesvith respecto fishingmeth-
odsandequipmentthedistribution of the catch,andotheraspects.

In summary quantitatve datafor the inshorefisherybecameavailablestartingin
1975,andthey arelimited to the islandof Tutuila. Thesedataprovide fairly detailed
descriptionsof inshorefishing actuities, including effort and catchby period, area,
method,speciesandfish size. The resultsof a numberof morequalitative investiga-
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tionsareusefulin termsof revealingthe importanceof inshorefishingasallivelihood
and a food source. Information aboutthe size, distribution, and compositionof the
humanpopulationand aboutfishing-relatedcontrolsare also available. Finally, cir-
cumstantiainformationthat may be especiallypertinentfor the post-1950periodin-
cludesinformationaboutthe broadereconomy—whictshifted profoundly, export and

import data,andinformationaboutthe condition of inshorehabitatsand ecosystems.

Thelatteris morefully addresseth Section5.

4 Temporal Changesin Fishery Resource Exploitation

Thissectionassessabesuitability of thesourceseviewedin Section3 to answeiques-
tions aboutchange®ver time in fisheryresourceexploitationin Hawai‘i and Ameri-
can Samoa. For the archaeologicakources,a primary constraintis the confidence
with which archaeologicatollectionscan be placedin chronologicalorder Unfor-
tunately mary archaeologistsvorking in Hawai‘i and AmericanSamoaake a rather
lackadaisicabpproacho datingandproducedataof questionableitility. This discus-
sionis followed by the methodsusedto infer changefrom historicaldocuments.The
sectionendswith assessments the potentialto describechangesn fisheryresource
exploitationfor the prehistoricandvarioushistoric periodsof thetwo islandgroups.

4.1 ChronologicalMethodsin Archaeology

Oneof archaeolog)s greatstrengthss its ability to yield informationon changeover
time. Thearchaeologicalecordis adiachronicrecord,onethataccumulatesvertime,
andthis propertyoftenmakestheinvestigatiorof changemorestraightforvardthanan
investigatiorof synchronigghenomenarThus,althoughmethoddor estimatingherel-
ative ahundanceof taxaaredifficult to apply andinterpret,asdiscussedn section3.1
on pagel4, changesver time in therelative abundanceof taxaarerelatively easyto
detectandinterpretwith archaeologicatlata.A measurdike NISP, for example,mea-
suregelative ahundanceof taxa,a synchroniomeasuretatherpoorly becauselifferent
taxahave differenthumberof identifiableelementandidentifiableelementdragment
atdifferentrates(seepg. 3.1.1). However, becaus¢he numberof identifiableelements
pertaxonandtheir fragmentabilityare both constanta differencein the relative pro-
portion of a taxon measuredy NISP in two archaeologicatollectionswith similar
degreesof fragmentationseparatednly by time can be interpretedwith confidence
(seeDrennan2001:667).

This circumstancénasled to an active field of inquiry for Pacific archaeologists.

Although archaeologicastudiesof changeover time in fishery resourceaxploitation
have only begunto appeaiin the lastdecadeanda half, the resultsfrom widely sepa-
ratedislandgroupsaresufficiently similarfor Allen etal. (2001)to identify acommon
trajectoryof declinein foragingrangeandintensity The possiblecausesof the de-
clineincludeagriculturalintensificationandgrowth of animalhusbandrysystemshat
would diminish the role of fish and shellfishin the diet, increasedcompetitionand
chiefly control of fishinggear andpossiblyresourcedepression.

diachronic

synchronic
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In apracticalsensetheweaknessf thearchaeologicalecordfor estimatingchanges
in fisheryresourcesxploitation derivesprimarily from the chronologicalmethodsde-
velopedin archaeologyndtheir use,or misuse py archaeologistsThereasongor the
failure of datingprojectsto yield usefulresultsareseveralandvaried:

* poor controlover sampleproveniencejn particulardatingamalgam®f charred
materialoriginally dispersedhroughouta stratigraphidayer or collectedfrom
thesieve;

« failureto specifythearchaeologica¢ventbeingdatedandto distinguishit from
thedatedevent(Dean1978; Taylor 1987);

« useof thenow-discreditedvolcanicglassdatingtechniqug(Olson1983);

« inadequateharacterizatiomf '4C datedmaterialandfailure to control for the
“old wood” problem (Dye 2000), whoseeffects are documentedor Hawai'i
(Dye andCarson2002);and

« calibrationwithout benefitof prior chronologicalinformation,which canbein-
corporatedvithin a Bayesiarstatisticalframenork (Buck etal. 1996).

As a result of theseproblems,it is often impossibleto placesitesin chronological
orderbasedon the resultsof datinganalyses.This is especiallysoin Hawai'i, where
theprehistoricperiodis oneof theshortestn theworld, about1,000years.Thelonger
time-frameof Samoanprehistoryminimizessomavhat the problemscausedy this
lack of precisionin archaeologicatlating,andthe presencén Samoaof artifactswith
restrictedtemporaldistributions,suchaspotterytypes,providesan alternatve means
to assignsitesto chronologicalperiods.

In this situationof limited dating reliability, the importanceof collectionsmade
at stratifiedarchaeologicasitesincreasesHere, the law of superpositiorenableghe
archaeologisto orderthecollectionsby agebasedn their positionin the stratigraphic
sequence.

law of superposition
stratigraphicsequence

4.2 Inferring Changesfrom Historical Documents

Oneohvious approachor identifying temporalchangesn exploitation patternsis to
comparean estimateof a given attribute for a giventime periodwith an estimateof
the sameattribute for anotherperiod. The ability to determinewith a useful level
of confidencewhetheror not therehasbeena changeis, of course,constrainecby
the precisionof the two estimates.In general,estimatesf exploitation attributesin
Hawai'i andAmericanSamoaluringmostof thehistoricalperiodcanbeexpectedo be
relatively imprecisejn which caseit will be possibleto identify temporalchange®nly
in caseswherethe estimatedliffer by a relatively large degree. Further the precision
of estimate®f exploitationattributescanbe expectedo decreasavith increasingime
beforethe present.

A secondapproacho identifying temporalchangess to rely on estimatef the
temporaldifferenceitself, ratherthancomparingindependenmeasure$rom the two
time periods. For example,a given obserer might noticeandrecordthat the catches
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of agiventaxonweremuchgreaterduring his earlyfishing yearsthanduring his later
fishing years. In that case therewould be no uncertaintyasto whetheror not there
wasa differencein the two “measurements. Therewould, however, be the problem
of measuremergrror, suchasstemmingfrom biasesassociateavith the fishermans

memory or from his failure to accountfor certainconfoundingfactorsin makinghis

determinationOneobviouslimitation of this approachs thatthe interval of time that
canbe examinedis limited by the period of obsenation, or generally the spanof a
humanlife. Of course partof the purposeof this assessmerig to examinethe poten-
tial to overcomethe limitations of suchshort-termobsenationalwindows—in other
words,to copewith the “shifting baselinesyndrome”(Pauly 1995). For example,in

arguingfor the needto considerhistorical,archaeologicaland paleoecologicainfor-

mation when examining the structureand paceand magnitudeof changeof coastal
ecosystems)acksoret al. (2001:636)noted: “The historical magnitudeof lossesof

large animalsandoysterswereso greatasto seemunbeliezablebasedon modernob-

senationsalone” And further: “The shifting baselinesyndromeis thus even more
insidiousand ecologicallywidespreadhanis commonlyrealized. Notwithstanding
theutility of along-termperspectie,obsenationalperiodsonthescaleof decadesnd
even yearsare certainly useful with respectto the historical periodsof Hawai‘i and
AmericanSamoa.

Section3.1.2identifiedthe mainfisheryexploitationattributesof interestandiden-
tified anumberof factorsthatcould potentiallybe usedto infer theabsoluteor relative
statesof thoseattributes. Without quantitatve data,determiningthe absolutestatesof
effort and catchattributesis difficult, but relatve measuresnay be possible,suchas
prevalencerankingsamongmethodsand species.Relative measurewith respecto
time may also be possiblewithout quantitatve data. Even information solely about
directionalchangesn someof thefactorslistedin Section3.1.2,suchashumanpopu-
lation size,canbe enoughto infer importantchangesn exploitation patterns.

During the historical periodin Hawai‘i and American Samoa—aperiod of little
morethantwo hundredyears—particularlyapid anddramaticshiftsin mary of these
factorsoccurred,so dramaticshifts in fisheryresourceexploitation patternsprobably
alsooccurred. A few examplesfollow of how changesn thosefactorsmight be re-
latedto changesn fisheryresourceexploitation patterns.This is an extensionof the
discussionn Section3.1.2,but with afocusontemporalchanges.

For muchof the historical periodin Hawai‘i and AmericanSamoathe predomi-
nanttype of written informationaboutinshorefishing practiceswas descriptionsand
inventoriesof fishing gearsand methods.For the purposeof examiningchangesover
time in, for example,the magnitudeof fishing effort or catchesthe utility of suchin-
formationis limited. But evidenceof changesvertime in theinventoryof gearsand
methodsandtheir relative importancecanstill be useful. For example,onecanexam-
ine the paceat which materialsandmethodschangedn responséo contactandtrade
with the outsideworld. Suchchangesrelinked with the relative efficienciesof old
andnew materialsandmethodsaswell aswith their relative costs.A shift in methods
is notonly aprobableindicationof anincreasen overallfishing efficiency, but alsoof
ashift amongtheresourceshatwerebeingexploited.

Therearealsoimportantlinks betweenfishing methodsandthe prevailing social
controlsoverfishing. In mary Pacificlslands the useof particularmethodsvasowned
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or controlledby particularindividualsor groups.Newly introducedmethodshowever,
oftenfell outsidethosecontrols,allowing themto be usedmorefreely thantraditional
methods. This could have led to shifts in where,when, and by whom fishing was
done,andmostcritically, how muchfishingtook place.A secondink betweerfishing
methodsandtheregulatoryervironmentis thatin mary casestheintroducedmethods
couldbehandledby fewerpeoplethantheoldermethodshey replaced Again, thishas
implicationsin termsof societalcontrolsover fishing activities. The fewer the people
neededo successfullyusea given fishing method,the lessopportunityfor a central
authorityto controlthe useof the method. For example,Wass(1980)cited a shift in
fishinggearsandmethodsn AmericanSamoaasa likely contributor to the declineof
theauthorityof thetraditionaltautai, or fishingspecialist.
Informationaboutchangesn the socio-politicalervironment—particularlyegard-
ing marinepropertyrights and otherfishing-relateccontrols—carbe a powerful tool
for identifying changesn fishing practices Thevalueof propertyrightsandthe sever-
ity of fishery-relateccontrolscanbe expectedto reflectresourcescarcityto at least
somedegree. They alsoprovide importantindicationsof who andhow mary people
have accesgo theresource.Dalzell (1998) cited the exampleof the Maori peopleof
New Zealandasaparticularlygoodillustration(WaitangiTribunal1988;Ruddle1995).
Following Europearsettlementin the nineteenthcentury the native Maori population
becamesconomicallyandsocially mamginalized;they weredispossessedf their fish-
ing rights andwere effectively replacedby the Europearsettlersasthe primary fish-
ery resourceusers.Within 100yearsof Europearcontact,Maori fishing patternshad
changedso dramaticallythat until recently mostmodernNew Zealandersnistalenly
believedthatMaori fishing practicesn the pastweremostly limited to shellfishglean-

ing.

4.3 The Potential to Describe Changesin Fishery Resource Ex-
ploitation

The potentialto describechangesn exploitation patternsis a function of the avail-
ability of informationaboutthosepatternghroughtime, which wasaddresseth Sec-
tion 3.3. This sectionhighlights someof the more promisingapproachesnd a few
previousinvestigationghatspecificallyexaminedtemporalchanges.

4.3.1 Changesin Pre-ContactHawai'i

Most often, variability in archaeologicatollectionsof marinevertebratesandinver-
tebratesn Hawai'i is interpretedasa reflectionof the variability in nearshoremarine
ernvironmentsproximal to the archaeologicasiteswherecollectionswere made(e.g.
Kirch 1982,1985;G0t01986). Thisis duein partto theprimarygoalsof mostarchaeo-
logical analyse®f faunalremainswhich areto characterizéhe marineervironmental
zonesthatwereexploited andto infer the typesof gearneededo capturethefish and
shellfishwhoseremainswererecovered.Thisbiastowardsynchronicanalysess strong
enoughthat faunalcollectionsfrom Hawaiian archaeologicasiteshave generallynot
beensubjectedo rigorousdiachronicanalysesevenwhenthesecollectionshave been
madeat deeplystratifiedandrich sites(e.g.Hay et al. 1986). Oneexceptionto this is



4.3 Changesn FisheryResourceéExploitation 41

thework of Goto (1986:375)who documentedh shift in the catchfrom carnivoresto
herbivoresat Wai‘ahukini, Hawai'i Island.

The large body of dataproducedby archaeologistsvould appear however, to be
suitedfor analysesf changein the compositionof the catch, althoughinformation
on the size of fish or shellfishis not generallyreported thus makingit impossibleto
track this aspectof change. The dataon fish remainsare limited somavhat dueto
reportingpractices,which too frequentlyfail to takulate NISP in favor of weight, a
metric whosepropertiesin archaeologicahnalysisare not well developed. It might
be possibleto augmentthe large collectionsreportedas NISP by re-analyzingand
countingthe specimendn identified collectionsreportedas weights (Appendix E).
If this work wereto be undertalen, it shouldfocus on large collections,preferably
from stratifiedsiteswhere4C dating resultscanbe supplementeavith stratigraphic
information.

4.3.2 Changesin Pre-ContactSamoa

Thescantfaunalrecordfrom AmericanSamogprecludesanalyse®f changeovertime
thatgo beyondthework of Nagaokg1993)with thelarge collectionsof vertebrateand
invertebrateemainsfrom the deeplystratifiedTo‘agasite in the Manu‘alslands.Na-
gaokas analysigpointedto a patternof stability in themarineresource®xploited over
time, andit appearghatinformationon changen the prehistoricperiodof American
Samoawill have to wait for the excavation and analysisof suitablecollectionsfrom
otherarchaeologicasites.

4.3.3 Historical Changesin Hawai'i

Thatexploitation patternsmay have changeddramaticallyandrapidly after European
contactis highlightedin theremarkthat®. . .iron fishhooksashionedy the Hawaiians
themseleswerebeingmadeby the time the [Cook] expeditionleft KealalekuaBay”
(Newman1970:52).Hill (1978)notedthatwith respecto the Pacificlslandsin general,
by the endof the nineteenthcenturythe variety of fishing methodshadbeenreduced
andmary traditionalmaterialsanddeviceshadbeenreplacedwith imports.

As describedn Section3.3,thereis very little historicaldocumentatiorof fishery
resourceexploitation patterns—asidéom afew passingdescriptionsf fishingmeth-
odsandgearsused—athetime of contact,or indeed,until the early 1800s. It would
thereforebedifficult to usedataspecificallyaboutfisheriesn orderto identify changes
thattook placebetweerthe time of contactandlater periodsfor which moredetailed
documentatioris available.

Althoughthe quality andquantityof fishing-relatednformationaboutHawai‘i im-
proved with time, even until the early 1900sthe information was largely limited to
descriptionf fishing methodsandreferencedo the dominantspeciescapturedwith
thosemethods.It would thereforebe difficult to usedataspecificallyaboutfisheries
in orderto identify changesn exploitation patternsrom the time of Europearcontact
until abouttheturn of thetwentiethcentury The circumstantiainformationdescribed
in Section3.3, however, couldbefairly powerful.
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In spite of the paucity of fishing-relatednformationfor the eighteenthand nine-
teenthcenturiesNewman(1970)foundreasorto make somefairly strongconclusions
aboutthe natureof changeduring that period—towit, thattherewasvery little. Not-
ing thatthe only introducedmaterialsduringthat periodweresinkersof leadandiron,
European-manuaifcturedmetal fishhooks,metal fishhookscraftedby Hawaiians,the
castnet, and possiblythe gill net, Newman concludedthat marineexploitative tech-
niqueswere stablethroughthe nineteenthcentury However, the analysiswaslimited
to the typesof fishing effort, andnot its magnitude.Clearly, the dramaticchangesn
the size,distribution, andcompositionof the humanpopulationin the nineteentrcen-
tury musthave hadsubstantialmpactson the magnitudeof effort andcatch,if notthe
compositionof effort by methodsor the compositionof the catchby species.

Theimpactof theadoptionof thefew new fishingmaterialsanddevicesduringthe
eighteentlandnineteenttcenturiesshouldnot be discountedvithout a closeexamina-
tion. Themerefactthatthe nev materialsanddeviceswereadoptedmpliesthatthey
wereeithercheapeto obtainor useor they broughta greatemreturnper unit cost. The
effect would have beenan increasedncentve to usethe new/modified methodrela-
tive to othermethodswhich would have led to a shift in effort amongmethodsand
thusprobablya shift in the compositionof the catch. Suchshiftsin effort could have
occurredboth within the inshorerealm and betweenthe inshorerealmandthe deep
benthicandpelagicrealms.Indeed they couldhave occurredbetweerthe capturefish-
ery sectorandothereconomicsectorsjncludingaquaculturendagriculture.In short,
the introductionof lead,iron, metalfishhooks,the castnet, and possiblythe gill net
may have led notonly to substantiakhiftsin exploitation patternsamongmethodsand
resourcesbut alsoto a changein overall inshorefishing effort and/orcatch,at least
on a per capitabasis. The possibility of shifts of this type canbe exploredthrough
analysisof the structuralandfunctionalchangesn materialsandgearsandhow those
changesvererelatedto targetresourcesandthroughcloseexaminationof the avail-
ableinformationabouttherelative prevalenceof fishingmethods. Cobb(1903,1905b),
for example providedquantitatve dataon commercialandingsby methodandspecies
attheendof the nineteentltentury

Shomura(1987) examinedlandingsdatafor the period 1900-1986,specifically
datafor theyears1900,1950,1953,1985,and1986. The available datawerelimited
tocommerciabata,andincompletedataatthat. In spiteof theshortcomingén thedata,
he found suchlarge changeghathe concluded:”. .. barringgrossshortcomingsn the
statisticaldatabasessomefundamentathangesn theresourceandfisheriesappeato
have occurredsincetheturn of thecentury”(Shomural987:13).Thechangesncluded
adramaticdeclinein thereportedandingsof inshorespeciegwhathetermed‘coastal
species, including the resourcesssociatedvith “embaymentsnearshoreareas.and
reefs”),decreasindgrom 3.6 million poundsin 1900to 0.6 million poundsin 1986. A
declineof 44 percentwasseerin thereportedandingsof neritic-pelagicspeciegwhich
consistedprimarily of ‘opeluandakule) duringthe sameperiod. Shomuraoffereda
numberof possiblecausedor the dramaticchangesincludingthe possibility of gross
shortcomingsn the data,overfishing,shiftsin exploitation patternsamongresources,
andchangesn resourcebiomasslueto pollution or anthropogenichangedo habitat,
including reductionof freshwaterinflows, the lossof ponds,filling of mudflatsand
coastalareaspuilding of shorelinebulkheadsandcreatingsandbeachesvherenone
existedpreviously.
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Weng and Sibert (2000) examinedthe fisheriesfor ‘opeluand akulein the Main
Hawaiian Islandsusing datafrom the years1966 through1997. They concludedit
wasunlikely that either speciesvas overfishedwith respecto maximumsustainable
yield. They alsofound a positive correlationbetweenprecipitationandthe stocksize
of akule(with atwo-yearlag) thatcould explain changesn stocksizeandcatcheson
time scaleswith strongclimatic signals.

With respecto fishermershiftingtheir attentionramongresourcesShomurg1987)
foundlargeincreasesn landingsof pelagicandslopeandseamountesourcesluring
the 1900-1986period, a trend he found to be expectedgiven the improvementsin
vesselsfishinggearsnavigationalaids.He alsosuggestethatthedramatiodecreasen
inshorelandings particularof suigeonfishandparrotfish,might be partially explained
by shiftsin consumerspreferencesausedothby changesn the ethniccomposition
of Hawai'i’ s populationandtheincreasen the numberof tourists.

Thevarioussetsof creelsurwey dataavailablefor the post-195Qeriodcanbeused
to describefairly detailedattributesof exploitation patternsin certainareasandtime
periods. But the suneys would be usefulin identifying temporalchangesnly if re-
peated,andonly if their outputshave an acceptablyhigh degree of precision. The
studiesconductedunderthe Main Hawaiian IslandsMarine Resourcednvestigation,
and,if continuedfor a long enoughperiod,the Hawai'i Marine RecreationaFishing
Sunwey, shouldyield estimate®f variousattributesof effort andcatchthatarecompa-
rableovertime.

In summaryquantitatvefisheriesdatacanbeusedto identify atleastgrosschanges
in Hawai'i’ s inshoreexploitation patternssince1900,andthe dataare suchthatmore
subtlechangescould be detectedfor the period since 1950. For the period prior to
19000nly inventoriesof fishing methodsandexploited speciesand circumstantiain-
formationareavailable,but they have the potentialto revealimportantshiftsin fishing
patterns.Thesinglemostpowerful type of circumstantiainformationis humandemo-
graphicdata,whichis relevantfor theentirehistoricalperiod. Informationaboutshifts
in peoples diets, prevailing social controls,and the characterof the local economy
could alsobe fruitfully appliedto entire historical period. For the periodsince1900
it would alsobe importantto take into accountinformationaboutexportsandimports
andchangesn the conditionof inshorehabitats.

4.3.4 Historical Changesin American Samoa

As describedin Section3.3, thereis very little historical documentatiorof fishery
resourcexploitation patterns—asidéom a few descriptionsof fishing methodsand
gearsused—atthe time of contact. Detailedwritten accountsof fishing gearsand
practicesappeamotto have emegeduntil the mid- andlate 1800s.1t would therefore
be difficult to usedataspecificallyaboutfisheriesin orderto directly identify changes
thattook placebetweerthe time of contactandlater periodsfor which moredetailed
documentatioris available.

Althoughthequalityandquantityof fishing-relatednformationfor AmericanSamoa
improvedwith time,evenuntil the1970stheinformationwaslargely limited to descrip-
tions of fishing methodsyeferencedo the dominantspeciesaptured and qualitative
description®f how muchfishingwasbeingdoneandhow muchfishwasbeingcaught.
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It wouldthereforebedifficult to usedataspecificallyaboutfisheriego identify changes
in exploitationpatterndrom thetime of Europearcontactuntil aboutthepost-195(e-
riod. Thecircumstantialnformationdescribedn Section3.3,however, couldbefairly
powerful.

Therearea numberof sourcedrom the last quarterof the twentiethcenturythat
provide quantitatve measureof inshorefishery exploitation patterns,including ef-
fort andcatch. They includeHill (1978); Wass(1980);Ponwith(1992); DesRochers
and Tuilagi (1993); Craig et al. (1993); Saucermar{1995b). Thesedirect quantita-
tive sourcegeliedon eithercreelsuneys or householdsurneys thatmeasureanly the
then-currenexploitation patterns but several intervien-basedsourcesexaminedpast
patternsaswell (e.g.SeveranceandFrancol989;DesRochersandTuilagi 1993). Tu-
ilagi andGreen(1995),for example,provided measuresf temporalchangesn catch
thatwentbackasfarastheearliestmemoriesof theinformants—abouf0years.Some
of thefindingsin thesesourcesarehighlightedbelow.

Obsenationsfrom asearlyas1975pointedto a declinein inshorefishing activity
andimportance:

Yet the reeffisheryof the presenthasdwindledin importanceandin di-
versityto the point thatsomepartsof it diving, line fishing) seemto beas
muchsportfishingassubsistencéishing (Hill 1978:6).

Hill (1978)andWass(1980)notedthat new technologiesandimprovedgeareffi-
ciengy hadcontributedtowardtheuseof moregeneralizedishingmethodsn American
Samoaandtraditionalmethodsandgearsdesignedo capturespecifickinds of fishin
particularkindsof locationswereno longerbeingused.

Given the six-fold increasein humanpopulationbetween1899 and 1980, Wass
speculatedhat“[t]otal effort ... is probablygreatertthanit wasatthe endof the nine-
teenthcenturybecauseof the much larger population” (Wass1980:79). Wasscon-
cluded,however, that percapitaeffort haddeclined,ashadcatchesbecausef habitat
degradationaswell asdecreasinglependengoninshoreresources.

Althoughit is notsurprisingthatpercapitainshoreeffort would have declinedsince
Europearcontact,it is remarkablehatfrom 1979to 1994, a periodthatsav a steep
increasan humanpopulationsize,total inshorefishing effort on Tutuila wasfoundto
declinesubstantiallyasindicatedin thefollowing accounts.

Craigetal. (1993),basedorimarily on Wass(1980)andPonwith(1992),described
an 8 percentdecreasén effort anda 26 percentdecreasén catch(54 percentif the
highly variablecatchof atuleis ignored)in the shorelinesubsistencéisheryof Tutuila
betweenl979and 1991. Giventhe 46 percentincreasen humanpopulationduring
that 12-yearperiod,the percapitacatchon Tutuila droppedfrom 19.4to 9.8 pounds.
Reasongitedfor thedeclineincludedsocioeconomidactors(including lessavailable
leisuretime, a shift in dietary preferencesand an increasingpreferenceto buy fish
ratherthanto catchthem), possiblyoverexploitation (asevidencedby the decreasén
catch-petunit-effort), alongwith hurricanedamageattrition of fishermenandincreas-
ing importsof fish productsfrom Samoaand Tonga.Two specieghatwereexceptions
to the generaldeclinewere atule andpalolo. Saucermar{1995a)reportedthat from
1991to 1994, effort on theislandof Tutuila declinedabout30 percentand catchde-
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creasedabout70 percentalthougha portion of the changesould be attributedto an
especiallyactive atulefisheryin 1991.

Tuilagi and Green(1995) investigatedchangesven fartherbackin time—to the
earliestmemoriesof peoplethatthey interviewed. They specificallyasked abouthow
fishingfor reeffish, giantclams,andpalolo hadchangediuringtherespondentdives.
All respondentseporteddecreasem catchesof giantclams,70 percentreportedde-
creasedn catchef reeffish,and43 percentreporteddecreasem catcheof palolo.

In summaryquantitatvefisheriesddatacanbeusedo identify fairly detailedchanges
in inshoreexploitationpatternssince1979. Priorto thattime, only qualitatve accounts
of inshorefishing patternsareavailable,alongwith fairly detailedinventoriesof fish-
ing methodsand exploited species. Valuablecircumstantialinformationis available
for theentirehistoricalperiod,the mostpowerful typebeinghumandemographiciata.
Qualitative information aboutshifts in peoples diets, prevailing social controls,and
the characteiof the local economycould alsobe fruitfully appliedto entire historical
period. For the periodsince1950it would be especiallyimportantto alsotake into
accouninformationaboutexportsandimportsandchangesn theconditionof inshore
habitats.

5 Long-Term Changesin Inshore Resources

This sectiondiscusseshe potentialfor reconstructindong-termchangein inshorere-
sources.Fromthe archaeologicapoint of view, this is a difficult task,althoughnew
methodsdravn from foragingtheory might yield usefulresults. Thesenew methods
have not beenappliedto collectionsin Hawai‘i and AmericanSamoa.Methodsof in-
ferring resourcecharacteristicérom historicalsourcesarereviewed,andthe potential
to describdong-termchangegrom thereviewedsourcess assessed.

5.1 Alternative ArchaeologicalExplanationsfor Faunal Change

Archaeologisthrave no directway to estimatethe compositionof reeffish populations
from the remainsrecoveredat an archaeologicasite. The measuresliscussedn sec-
tion 3 areall usedto estimatecharacteristicef the sampleassemblagéseepg. 15),
which is several stepsremovedfrom the living population. Instead the interpretation
of changesver time in the relative frequeng of taxadetectedn the archaeological
recordaregenerallyinterpretedwith referenceo ancillary datathat arerelatedto the
identified changewith a linking argument. For example,Kirch and Yen (1982:292)
arguedthatthe absence®f morayeelsin thelatestfaunalcollectionsfrom Tikopiaand
their presencesarlierin the archaeologicatequencavasdueto the impositionof an
ethnographicallyrecordedtabooon eels. Similarly, Dye (1990) usedarchaeological
evidencefor changesn fishing gearto explain a declinein the relative abundanceof
pelagicanddeepeiwaterbenthicfishin archaeologicatollectionsfrom theMarquesas
Islands.In both of thesecasegherewasno reasorto suspecthatthefish taxawhose
relative ahundancesn archaeologicatollectionsdeclinedovertime werealsodeclin-
ing in abundancein the wild. Recently archaeologisthiave adopteda prey choice

palolo
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modelfrom foragingtheoryto explain changesn relative abhundancefor which ancil-
lary datafor interpretationare not available (Butler 2001). This approactrankstaxa
accordingto their profitability to the fishermanthentracksthe relative abundanceof
high rankingtaxato low rankingtaxa.Declinesin therelative abundanceof high rank-
ing taxa are interpretedas prey resourcedepression.Once profitability criteria have
beenestablishedthis type of approachcanbe usedwith existing collectionsasthey
arereportedin the literature. An exampleof the approachelsavherein the Pacific
is Butler (2001),who augmentsan argumentbasedon the prey choicemodelfor re-
sourcedepressiorin inshorefishing on Mangaialslandin the SouthernCook Islands
with evidencefor a declinein body sizeovertime in a smallsampleof Serranidaea
high-rankingprey.

Prey sizeis anothemway to assesshange®vertime in reeffish populationsjnde-
pendenibf informationon relatve abundance®f taxa. This line of investigationwas
first pursuedn the Pacificwith shellfish,which werefoundto declinein sizeatvarious
localitiesin the Pacific (Swadling1976;Andersonl981;Kirch andYen1982;Spenne-
man1987),arguablydueto predationby humans.This wasfollowedin New Zealand
by several claimsthat fish size also declinedover time dueto over-exploitation (see
LeachandDavidson2001). Theinterpretatiorof changesn fish sizeis acomplex mat-
ter, however, possiblyinvolving “changesin fishing technology changesn preferred
fishinggroundschangingseaconditions which variouslyinhibitedor permittedcanoe
fishingaway from the coastandchangesn surfaceseawatertemperaturesvertime”
(LeachandDavidson2001:160).

5.2 Inshore Resource Characteristics fr om Historical Sources

This review generallyrefersto “populations”asthe resourceunit of interest,but the
samegenerabpproachefor assessinthe statusof populationscanbeappliedto com-
munitiesandecosystemsswell. For example thespeciexompositiorof anexploited
fish communityandthe ecologicaldynamicsamongspeciesand populationsmay be
attributesof interest.

In the strictestsensetheterms“population; “stock;” and“resource’have different
meaningsput in the context of this review the distinctionsare not overly important.
Briefly, “population” refersto a groupof interbreedingorganisms.“Stock” refersto a
groupof organismshatis definedfor corveniences sale with respecto assessment
and managementthe ideal of which would be a population. “Resource”refersto
exploitedorganismgyenerally including stocks,communitiesandecosystems.

5.2.1 Attrib utesto be Examined

The mostpertinentcharacteristicef a fish populationor stockwith respecto exam-
ining fisheriesproductionareits size(e.g.,abundanceor biomassyndits potential,or
unfishedsize.A populationspotentialproductvity is afunctionof inherentbiological
characteristicsuchasgrowth rate,recruitmentate,andnaturalmortality rate. But its
actualfisheriesproductvity is a directfunction of its sizerelative to its potentialsize,
which is determinedy thefishing mortality rate (the proportionof the populationre-
moved by fishing per unit time), which is a function of fishing effort. Productvity is
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alsoa function of moresubtleattributesof effort andcatch,particularlythefish sizes
(andagesandsexes)capturedelative to thepopulationsunfishedsizestructure Other
characteristicsf fish populationsandtheir relationshipto fishing patternamayalsobe
important,suchastheir spatial-temporapatternsof migration,spavning, andrecruit-
ment, but this review will focuson the actualandpotentialsizesof populationsasthe
mostpertinentattributes.

Both the actualand potentialsize of a populationcanvary with time. A popula-
tion’s potential,or unfished sizeis equivalentto the ecosystens carryingcapacityfor
that particularpopulation. It is the size toward which the populationwould tendin
the absencef fishing. The degreeof short-termvariability aroundthat value varies
accordingo thebiologicalcharacteristicef thepopulation.Slow-growing, long-lived
species,for example, can be expectedto exhibit lessvariability than fast-graving,
short-livedspeciesMore importantlyin the contet of long-termassessmentsf pop-
ulationchangetheunfishedpopulationsize(or someusefultemporalaveragethereof)
canbe expectedto changeover fairly long time scales. Suchchangesould be of a
cyclical nature,correlatedwith climatic or oceanographicycles(e.g.,ENSOevents).
They could alsobe non-gyclical, the resultof relatively unidirectionalchangesn the
natureof the habitator the larger ecosystemOn the scaleof thousand®f years,im-
portantagentsof suchchangemight include volcanicactiity, erosion,andsealevel
changeswhich candramaticallyalter the size and characteristic®f inshorehabitats
(andthusthe potentialsize and productvity of particularpopulations).On the scale
of tensor hundredsof years,acutedisturbanceso habitat,suchasfrom storms,may
be important,and more chronicfactors,suchas erosionand sedimentationcan also
be important. Anthropogenidmpactsto habitat,suchas pollution of inshorewaters
and land-clearingactiities that lead to erosionand sedimentationcanbe important
agentf changeon the scaleof decadesgenturiesandmillennia. Fishingitself, if it
substantiallyaltersthe structureor dynamicsof the larger ecosystemganalsoaffect
a populations potentialsize. For example,thefishing-davn of a predatorpopulation
mightresultin anincreasan the unfishedsizeor carryingcapacityof a populationof

its prey.

5.2.2 Information Typesand Analytical Approaches

Thetypesof informationandcorrespondin@pproachethatareavailablefor describ-
ing resourceattributesandtrendsin thoseattributescanbe viewed asbeingon a con-
tinuum, rangingfrom directto very indirect. For the purposeof this assessmenthis
continuumis brokeninto threetypes.

In Situ Obsewvations Oneof themostdirecttypesof informationavailableis in situ
obsenation of the resource.Modernundervatervisual suneys typically rely on the
useof a samplingdesignthat is stratifiedby importantfactorssuchas habitattype.
Counts andsometimesengthmeasurementsf fish, by speciesarecarriedoutwithin
relatively smallsamplingareasandtheresultsareusedto generatestimateof abun-
dance biomassand/orsizestructure by species.Quantitatve undervatervisual sur
veys becamea commonapproachfor assessinghallav-water reef resourcesn the
last half of the twentiethcentury but qualitative information of this type goesback
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to the beginning of the historic period. Examplesnclude accountsof remarkabldish
schoolsor runsand documentatiorof yearsin which particularlylarge or smallruns
(e.g.,recruitmentevents)wereobsened. Unfortunately suchqualitative accountgend
to favor the more conspicuousndspectaculaevents,which may be oneexplanation
for theapparentlyuniversaltendeng to perceve fisheryresourceén the pastasbeing
biggerandbetterthanin thepresent.

Catch and Effort Information A type of informationaboutfish populationghatis
only slightly removedfrom in situ obsenationsis catchandeffort data,suchascounts,
weights,and sizesof landedfish and associatedneasure®f fishing effort. This in-
formationcanbe collectedopportunisticallyfrom fishermenor it canbe collectedin
amoresystemati@anddirectedfashion.An exampleof the latteris standardizedish-
ing (often called “experimental”fishing), in which as mary characteristiceof effort
aspossiblearekept constantbr strictly controlledin orderto obtainstandardize@dnd
comparableneasuresf suchattributesascatch-petunit-effort. Onevariationis to fish
down thetargetpopulationsasrapidly andfully aspossiblewhich canyield usefulin-
formationaboutthebiologicalattributesof the populations Anothervariationis to take
biologicalinventoriesof waterbodiesthroughtheapplicationof poisonsglectrocution,
andexplosives.

A large body of fish stock assessmennethodologieselying on measurements
of variousattributesof effort and catchhasdevelopedduring the last 50 years(e.g.,
seeAppeldoorn1996 for a summaryof methodsparticularly applicableto reeffish).
The datathatareavailablefor mostof the historicalperiodsof Hawai‘i andAmerican
Samoaare suchthat only relatively crudeassessmerapproachesising measure®f
fishing effort, catch,andcatch-petunit-effort (CPUE), particularlytemporalcompar
isonsof suchmeasuresyould be applicable.This discussiorthereforecenterson the
relationshipsetweereffort, catch,CPUE,andstocksize.

Effort canbeexpectedo be negatively correlatedwith stocksize. Inferencesabout
stock condition canthereforebe madeby comparingeffort measuresvith reference
values.To identify changesvertime, obviouslythe mostvaluablereferencesvould be
measuresor the sameareafrom otherperiods.Also potentialusefulreferencevalues
wouldbemeasurefrom otherareaqexpressean a perunit-areaperunit-timebasis),
andmary suchmeasuregsreavailablein theliterature.

Catchcanbe expectedto be correlatedwith stockbiomassor abundance put as
describedn Section3.1.2, the relationshipis comple, with catchpeakingat some
immediatelevel of effort. Making inferencesaboutresourceconditionis therefore
someavhatdifficult. For example,if yield (catchper unit areaper unit time) duringa
givenperiodis foundto belessthanyield duringa previousperiod,two contrastingn-
ferencexouldbe made:stocksizeeitherincreasewr decreased<nowledgeaboutthe
directionalchangen effort overthetime periodwould be requiredto concludewhich
of thetwo wasthemorelikely. As with effort, measuresf yield canbe comparedcot
just over time, but with otherreferencevalues,aswell. Potentiallyusefulreferences
includeactualinshoreyieldsfrom otherPacific Islandsandestimate®f potentialyield,
suchasmaximumsustainablgield, madeelsavhere(e.g.Dalzell etal. 1996).Ideally,
thesetypesof yield comparisonsvould take into accountasmary explanatoryfactors
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aspossible suchasgeneralgeographidocation,island and habitattype, and size of
thestudyarea.

Like effort, CPUE canbe expectedto be fairly tightly (but negatively) correlated
with stocksize. Again, inferencesaboutstock conditioncanbe madeby comparing
CPUEmeasurewvith referencevalues particularlyvaluesrecordedrom thesamearea
in otherperiods,but alsovaluesfrom otherareasmary of which areavailablein the
literature(e.g.Dalzell etal. 1996). For the purposeof suchcomparisonsCPUEmea-
sureshavetheadvantageover effort andcatchof notneedingo becorvertedto by-area
units.

Although measuresf CPUEarepotentiallyvery useful,their useasindicatorsof
stockstatuscanbe problematic.First, the relationshipbetweenCPUE andstocksize
is unlikely to be linear, or eventight, acrossthe entire rangeof stocksize. Second,
tropicalinshorefisheriestypically involve mary fishingmethodsthe unitsof effort for
which arenot strictly comparableWith respecto trackingtemporalchangesthisis a
problemonly if thecompositiorof effort amongfishingmethodshasshiftedovertime.
Third, measuresf CPUEaretypically basedbn smallsamplesizes sothey oftenhave
high degreesof uncertaintyassociatedvith them. Fourth, thereare mary exogenous
factorsotherthanstockabundancehatinfluenceCPUE,andit is difficult to trackand
accountfor thesefactorsto the extentnecessaryo make meaningfulcomparisons.

Another potentially importantrelationshipis that betweenfishing effort and the
speciesompositionof the exploited fish community(e.g.,asreflectedin the species
compositionof the catch). As notedin Section3.1.2 fishingtendsto targetthe higher
trophic levels, so the greaterthe fishing pressurethe smallerwould be the expected
contribution to the catchof the highertrophic-level species,suchas the larger pis-
civores. Similarly, the relationshipbetweenfishing effort and the size structureof
particularpopulationge.g.,asreflectedin the size structureof the catchof particular
speciesranbe putto use.As notedin Section3.1.2,fishingtendsto targetthelarger
sizedindividuals (with importantexceptions),so the greaterthe fishing pressurethe
smallerwould be the expectedsizestructureof the catchof a givenspecies.

As notedpreviously, the sizesof somepopulationsor stockscanbe expectedto be
muchmorevariablefrom yearto yearthanothers,irrespectve of fisheryexploitation
patternsWhateverapproachs usedo evaluatetrendsin populationcharacteristicand
however long the period of interestis, it importantto take into accountarny expected
naturaltemporalvariability. For example,anaccouniof thecatchin asinglegivenyear
of Selarcrumenophthalmysa nearshoregelagicspecieswould not be a very useful
indicatorof the sizeof the stockduringthatera.

Circumstantial Measures As emphasizedhroughoutSections3 and4, evenwhere
direct measurementsf effort and catchare lacking, there may be information that
canbe usedasindirect measuresMost critically, sincestocksizeis inverselycorre-
latedwith fishing effort, andfishing effort andhumanpopulationsizearelikely to be
strongly positively correlated pne canexpecta strong(negative) correlationbetween
humanpopulationsize and stock size. In most casest would be difficult to deter

minethe exactnatureof theserelationshipsijn which caseabsoluteestimate®f stock
biomassor abundancewould be unattainable But the high degreeof certaintyin the
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directionsof theserelationshipsmeansthat even measure®f humanpopulationsize
alonecansene asusefulindicatorsof trendsin stocksize. Of course asdiscussedn

Section3.1.2,the more explanatoryfactorsthat canaccountedor, the better Again,

importantfactorsmight include shifts in the distribution and compositionof human
populationchangesn peoplesdiets,changesn socialcontrolsoverfishing,andshifts
in the amountsof fish exportedandfood productsimported. For sometime periods,
changesn thepotentialsizeandproductiity of theresourcerelik ely to be especially
importantto consideysuchaschangesesultingfrom environmentaldisturbancehabi-
tat degradationpr habitatenhancement.

Severalmarket-basedndicatorsof stockstatusnayalsobeavailable. For example,
priceis generallystronglyrelatedto scarcity sofish pricescanbe usedto make infer-
encesaboutthe statusof fish populations. Similarly, wherefishing rights are traded
onanopenmarket, the valueof thoserights, andindirectly, the statusof the exploited
stocks,canbe inferred. Examplesfrom Hawai‘i include the fishing rights that were
tradedin thelatter part of the nineteenttcenturyandthe rentalmarket for fishponds.
The utility of thesemarket-basedpproachess limited by the factthatthe market is
shapedoy demandaswell assupply sowithoutinformationabouttrendsin demand,
informationabouttrendsin valuewould have limited utility.

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

It is relatively difficult to infer changesn fisheryresourcesvith archaeologicaand
historicaldata. Eventoday stockassessmentith gooddataon characteristicef the
catchis asmuchart asit is science. With the patchyand often inconsistentdataof
archaeologyandearly historicalrecords the difficulty of the taskis multiplied. This
sectionassessethe potentialfor Hawai'i and AmericanSamoafocusingonthekinds
andquality of dataavailablefor variousperiods.

5.4 The Prehistoric Period in Hawai‘i and American Samoa

The archaeologicatecordof American Samoahas, at presentjittle or no potential
to describelong-termchangesn inshoreresourceslin the singleanalysiswith some
potentialalong theselines, Nagaoka(1993) found the remainsfrom the To‘agasite
to be marked by stability, ratherthanchange.Thus,investigationof this issuewould
appeato requirethe collectionof additionalfaunalmaterialfrom eitherwell-datedor
well-stratifiedarchaeologicasites.

The archaeologicatecordof Hawai‘i hassomevhatgreaterpotential,but this has
sofar goneunrealized. The lack of reporteddataon sizesof vertebrateandinverte-
brateremainsblocksa potentiallyfruitful avenueof investigationprogresalongthese
lineswill requireeitherre-examinationof extantcollections,or achangen thereport-
ing practicesof Hawaiian archaeologistsAnotherline of inquiry, moreimmediately
promisingthanthe investigationof changesn size,is the applicationof prey choice
modelsfrom foragingtheory The initial resultsof this type of analysison a collec-
tion of shellfishfrom a Hawaiian archaeologicasite werereportedto the Societyfor
Hawaiian Archaeologyin October 2003, with resultsthat indicatedno evidencefor



5.4 ThePrehistoricPeriodin Hawai‘i andAmericanSamoa 51

changein the resourceat a site on the north coastof Kaua'i Island (Morrison 2003).
An appealof theapproachs thatit canbe appliedto publisheddata,without the need
to re-examinecollections. The approachs relatively novel, however, andhasnot yet
beensubjectto scrutiry andcriticism. It is thustoo early to predictwhetherit might
becomeestablishedisanacceptableneansof usingarchaeologicaiaterialsto track
trajectoriesof resourcadepressiomndrejuvenation.

5.4.1 Hawai‘'i—1778to 1900

Theaccountof earlyvisitorsto Hawai‘i do not provide veryrigorousmeasuresf the
conditionof inshoreresources.Thereare mary anecdotateferencego the sizeand
productvity of inshoreresourceshut they aregenerallysuperficialandlacking useful
framesof reference Scientistson someof thevoyagescollectedmarineorganismsput
with their focuson the diversity of speciestheresultsarenot very helpful in termsof
resourceabundance.

Althoughqualitative andquantitatve measuresf effort, catch,andCPUEaregen-
erally lacking for the early historical period, thereare a few that may be useful, in-
cludingtheexamplesof snapsho€CPUEmeasuref theliteratureidentifiedby Scobie
(1949). They include CPUE measuregor netting (Deering1899; Cobb 1902), cray-
fishdiving (Cobb1902),sharknoosing(Bryan1915),flying fish netting(Corney 1896;
Campbell1816),the useof alau, or leaf, method(Corney 1896),andlimpet andperi-
winkle gathering(Ellis 1836). Scobie(1949)alsocompiledestimatesf annualcom-
mercial catchesper person,by fishing method,for native Hawaiian fishermenonly,
basedn dataprovidedby the U.S. FishCommission.

As describedpreviously with respectto fishery resourceexploitation patterns,a
promisingapproachfor identifying at leastgrosschangesn the size of inshorere-
sourcesduring the pre-1900periodwould be to usehumanpopulationsize—andits
geographicatlistribution—asa proxy. Inferencesnadein this mannercouldberefined
by accountingfor evenjust directionalchangesn suchfactorsasthe compositionof
effort amongfishing methodsand social controls,as describedn previous sections.
Certainchangedo the biophysicalervironmentmay alsobeimportantto consideyin-
cludingthesedimentatiorf estuariesndinshorewatersdueto clearingof coastabnd
uplandforests.

5.4.2 Hawai‘i—1900 to 1950

Thefirst half of the twentiethcenturysav documentatiorf commercialandingsdata
in additionto the kinds of qualitative fisheriesinformationthat were availablein the

pre-1900period. The landingsdatawere not accompaniedy rigorousmeasure®f

effort soit would be difficult to usetrendsin landingsto make inferencesabouttrends
in resourcesize. But crudemeasure®f effort are availablein the reportednumbers
of fishinglicensedssued(e.g.Cobb1902,1905b). Therearealsoa few accountghat
lookedspecificallyattemporalchanges:

The faunaof the reefsis much lessatundantthanin the period of the
first extensive explorations thoseof Dr. Oliver P. Jenkinsjn 1889,andof
JordarandEvermannin 1901.Probablyno specieshiadbeenexterminated
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by overfishing,but mary oncecommonhave now becomerare (Jordan
etal. 1927).

During a 1938 investigation,Bell and Higgins (1939) found anecdotakvidence
pointingto adeclinein theabundancef inshorefisheryresources;ausedothby fish-
ing too intensively andwith methodsthat wereindiscriminatewith respecto species
and sizescaptured. Most of the evidencewasin the form of views “expressede-
peatedlyby membersof the fishing industry sportsmenpusinessmesand legislators
whowereintervievedindividually or whovolunteerednformationin public hearings”
(Bell andHiggins 1939:14).

Titcomb (1972)revieweda variety of mostly qualitative sourceswith respecto the
historicalabundanceof fish. Most of the sourcessuggestedreaterabundancen the
past.

Cobb(1902,1905b)provided detailedinformationon pricesof fish in the major
markets of Hawai'i at the turn of the century He was one of mary obsenersthat
remarled on the high pricesof fish. Jordanand Evermann(1902)attributedthe high
pricesto overfishing.Others,includingmuchof the public, blamedthemon collusion
amongthe fish dealers.In fact, the territorial governmentinvestigatedhat possibility
in the 1930s(Bell and Higgins 1939). Whatever the basisfor the remarkablyhigh
prices,further investigationalong theselines might lead to usefulinformation about
the conditionof Hawai'i’ sinshoreresources.

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 islandsand within
islands,suchas statingthat “[p]ractically no effort is madeto collectrentfor ary of
the fisheryrights of Hawaii” (Cobb1905a:760)duein partto the sparsenessf the
populationandlack of markets.He alsoprovidedtheannualamountspaidin or around
1900for therightto acquireparticularfisheryrights,rangingfrom $20for fisheryrights
to anareaat Kaua'i to $1,375for therightsto two areasearHonolulu. He attributed
the high price for the latterto “the excellentmarket at Honolulu” (Cobb1905a:759).
He notedthatthevalueof mary fisheryrightsin theislandswereof insufficientvalueto
berentedatall. Thelack of amarketfor fisheryrightsin otherareassuchasaroundthe
islandof Hawai'i, he attributedin partto the “disinclination of the peopleto payrent”
(Cobb1905a:760) Thelatter may be a reflectionof the erosionof thelegal durability
of therights.

5.4.3 Hawai'i After 1950

Lik e thefirst half of the twentiethcentury mostof thefisheriesdataproducedn the
seconchalf werelimited to commercialandingsdata.However, sinceabout1948,the
landingsdatawere accompaniedy measure®f effort. Effort wasrecordedonly to
the level of fishing-tripsor fishing-days,ratherthan fishing-hours. But the fact that
commercialffishing actiities were censusedalbeitimperfectly) ratherthan sampled,
combinedwith the long time seriesthat is available,meansthatthe CPUE estimates
shouldbe quite usefulfor identifying trendsin resourcesize. It is likely thatthe data
alsosuffer from lumping of multiple species.Still, if substantiathangesn resource
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sizeoccurredthey shouldbeapparentn thesedata.

In reviewing theinshorefisheriesof the Main Hawaiian Islands,Smith concluded
that “in heavily populatedareas,fishing pressureappeargo exceedthe capacityof
inshoreresourceso renav themseles” (Smith1993:34) andthat“the mostdisturbing
trendis towardssteadilyincreasindishingeffort in inshoreecosystemthatarealready
heavily exploited” (Smith1993:47).

Many in situ obsenationsof inshoreresourcefiave beenmadesince1950,in both
the Main Hawaiian Islandsandthe NorthwesterrHawaiian Islands. Being sampling-
basedmethods the resultstendto have sizablelevels of uncertaintyassociatedvith
them, but they shouldprovide a usefulbasisfor trackingchangesvertime. In afew
instancesin-waterestimateof resourcesize have beenaccompaniedby effort, catch,
and CPUE data,which providesa direct meansof assessinghe size of the resource
relative to its potentialsize (e.g.,by examiningthe proportionof the stockthatis re-
movedperunit of time). Unfortunatelythe estimategeneratedby in situ obsenations
andfisheriesdataare often relatively impreciseandsometimesiased so directcom-
parisonof this type might notbe useful.

Onechallengein examiningtrendsin measure®f resourcesize, whetherthey be
in-water estimatesof abundanceor CPUE estimatesjs distinguishingthe effects of
fishingfrom othereffects,suchashabitatdegradation.For example,Shomura(1987)
cited overfishing,pollution, andvariousforms of habitatdegradationaswell asshifts
amongtargetspeciesanddataproblems aspossiblecause®f the large declinessince
1900in commercialandingsof certaintypesof fish, includinginshorespecies.

As for circumstantialsourcesof information aboutthe condition of inshorere-
sourcesthe post-195Qeriodis fairly richly documentedandthis informationshould
prove usefulin combinatiorwith theavailablein situ andfisheriesdata.Fairly detailed
informationis available on humandemographicsgontrolsrelatedto fishing, exports
of fish andimportsof food productsthe compositionof peoples diets,andchangego
thebiophysicalervironment.

5.4.4 American Samoato 1900

The accountf early visitorsto Samoado not provide very rigorousmeasuresf the
conditionof inshoreresourcesTherearea numberof anecdotateferenceso the size
and productiity of inshoreresourceshut they are generallysuperficialand lacking
usefulframesof referenceFor example therecordecdbsenationsof JohnWilliams, a
prominentmissionarywho visited Samoan 1830and1832,do notdelve muchdeeper
thanthe statement*The coastaboundswith fish andturtle, andthe Samoansre ex-
ceedinglyexpertin catchingthem” (Williams 1840:130). Scientistson someof the
voyagescollectedmarineorganismsbut with their focus on the diversity of species,
theresultsarenot very helpful in termsof resourceatundance.

As describedpreviously with respectto fishery resourceexploitation patterns,a
promisingapproachfor identifying at leastgrosschangesn the size of inshorere-
sourcesduring the pre-1900periodwould be to usehumanpopulationsize—andits
geographicatlistribution—asaproxy. Inferencesnadein this mannercouldberefined
by accountingfor evenjust directionalchangesn suchfactorsasthe compositionof
effort amongdfishingmethodsasdescribedn previoussections.
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5.4.5 American Samoa—190Go 1950

Quantitatve inshorefisheriesdataarelackingfor thefirst half of thetwentiethcentury
so like the pre-1900period, anecdotabccountsof resourcesize andfishing success
areamongthe mostvaluablesourcesasarethe sourcef circumstantiainformation
identifiedfor the pre-190(period. With respecto theconditionof Samoas coralreefs,
Mayor (1924)providedwhatappearso bethefirst setof quantitatve information.

5.4.6 American Samoa—After 1950

There are a numberof sourcesthat provide information aboutthe condition of in-
shoreresourcesndchangeshereinin thepost-195@eriod. Sourceswith quantitatve
measure®f CPUE or in-waterestimatesf resourcesizeincludeHill (1978); Wass
(1980); Ponwith(1992); DesRochersandTuilagi (1993);Craig et al. (1993); Saucer
man(1995b,a); Green(1996). Additional sourceswith eitherqualitatve assessments
of inshoreresourcegonditionor synthese®f previousinvestigationsncludeVan Pel
(1956);SeveranceandFranco(1989);Green(1997);AmericanSamoaCoralReefTask
Force (1999); WesternPacific Regional Fishery ManagementCouncil (2001). For
the mostpart, thesesourcegpointedto increasinglydepletednshoreresourcesMost
sourcesmplicatedboth overfishingand habitatdegradationas causalfactors. A few
examplesfollow.

Craig et al. (1993),relying primarily on Wass(1980)and Ponwith (1992),found
a substantiateclinein CPUEIn the shorelinesubsistencéisheryof Tutuila between
1979and 1991 and cited fishing as a likely causalfactor, but also hurricane-related
damageo coralreefs.

Saucermar{1995a)found that from 1991to 1994, CPUE declinedabout60 per
cent,althoughpartof thedeclinecouldbeattributedto anespeciallyactive atulefishery
in 1991.Saucermamotedthatalthoughthedeclinein CPUEmayhave beenindicative
of overfishing,habitatdegradationprobablyalso contritutedto the declinein CPUE
and catch. A lack of any noticeablechangein the speciescompositionof the catch
or the size structuresof the catchof principal specieswere cited as evidencepoint-
ing to causeotherthanoverfishing. Saucermaralso notedthat dramaticchangesn
the relative abundanceon the reef of certainnon-foodfish speciesasdeterminecby
undervatersureys (seeGreenl996),providedfurtherevidenceof habitatdegradation.

Green(1997)foundevidencein varioussourceghatthemoreaccessibleoralreefs
wereseriouslyover-fished.Thereportnotedthatthe coralreefswererecoveringfrom a
seriesof naturaldisturbancesaswell asa numberof chronichuman-inducedmpacts,
including alterationof shorelineand coastalhabitats,uplanderosionand consequent
sedimentationandpollution. Shorelinealterations,combinedwith the harestingof
turtles and eggs, was reportedto have resultedin seriousdeclinesin populationsof
greenandhawksbill seaturtles.

As for circumstantialsourcesof information aboutthe condition of inshorere-
sourcesthe post-195Qoeriodis fairly richly documentedandthis informationshould
prove usefulin combinatiorwith theavailablein situandfisheriesdata.Fairly detailed
informationis availableon humandemographics;ontrolsrelatedto fishing,exportsof
fish andimportsof food products,and changego the biophysicalenvironment. With
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respecto thelatter, thereis a substantiahmountof informationfor the post-195(pe-
riod aboutthe conditionof the coastalandinshoreervironmentsof AmericanSamoa.
Sourcesinclude quantitative in-water assessmentsf coral reefsand their resources
(DahlandLamberts1977;Green1996)anddescriptve accountof changesn thein-
shoreervironment,particularlyadwersechangesssociatedvith naturaldisturbances,
shorelinealteration,sedimentationand pollution (e.g. Craig et al. 2000b). Thereare
alsorecordsof the numerousacutedisturbancego coral reefsthat have taken place
in the last few decadesincluding outbreaksof crown-of-thornsstarfish(Acanthaster
planci) (Wass1979),coral bleachingevents(Craig 1995b),and severe storms(Green
1996).

6 Potential Applicability to Other Pacific Islands

This sectiondiscussesn very generaltermsthe potentialapplicability of the archae-
ologicalandhistoricalmethodsdiscussedbore to otherPacific islands. Becausep-
plicability is very closelytied to the quantityandquality of availabledata,which vary
considerablyamongandwithin island groups,the commentsareintendedasgeneral
guides ratherthanspecificindicationsof potential.

6.1 Demography

Archaeologicalmethodshave beenappliedto the populationof New Zealand(Mc-
Fadgenet al. 1994), wherethe resultsof archaeologicatesearchare abundant. The
archaeologicaiethodshave not beenappliedto otherislandgroupsin the Pacific, to
ourknowledge andit is unlikely thatotherislandgroupshave yieldedsufficient datato
supportapplicationof the methods.Onislandswith arelatively long history of human
settlementsuchas Samoaandislandsfartherto the west,intensive land usepractices
overalongtime have hadamarkedeffectonthesurvival of thekindsof archaeological
remainsneededo reconstructiemographythusensuringthatfutureapplicationof the
methodswill, in any casepefraughtwith difficulty.

Thepicturebrightendfor thehistoricalperiod,wherethework of McArthur (1968),
Rallu (1990),Pool (1991),andothershasyieldeda large body of seriousscholarship
onthedemographicsf the historicerafor mary Pacificislands.

6.2 Patternsof Fishery Resouice Exploitation

Thepotentialapplicability of archaeologicaiethodgor estimatingpatternsof fishery
resourcesxploitationon otherislandsof the Pacific depend®n the quality andamount
of faunaldatareportedfor thoseislands.Many islandgroupshavericherfaunalrecords
than AmericanSamoawhich hasseenrelatively little archaeologicaork on faunal
remains. Few, if ary, islandgroupswill have the large quantity of dataavailablein
Hawai'i. In generalterms,islandgroupswith relatively large expanseof calcareous
soilswill yield largerandbetterpreseredfaunalcollectionsthanwill volcanicislands
with limited depositsof calcareousediment. The quality of the faunaldataare also
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influencedby the units of quantification.NISP is the preferredunit of quantification.
Both MNI andweightpresenproblemsthatwould hindercomparatie work.

Hawai'i andAmericanSamoaharedvith mostotherPacificlslandgroupsmary of
the sameexperiencesluring their historical periods:in mostcasesgcontactwasmade
by Europearexplorers,tradersfollowed, cash-baseglantationeconomiesieveloped,
colonial powersestablishedhemseles,and ultimately eitherintegrationor indepen-
dencewasachiered. Therewere,of coursejmportantdifferencesamongislands,such
asthe characteristicsf their inshoreresourcestheir demographidistories their sys-
temsof authority theireconomiesandpeoples preferenceamongfood products.But
the quality of information aboutthosecharacteristicss probablysimilar throughout
the Pacific Islands,sothe methodsdescribecherearelik ely to have the samepotential
andthe sameconstraintsn mostof the Pacific Islands.

6.3 Temporal Changesin Fishery Resource Exploitation

The potentialto describechangesn fisheryresourcesxploitationwith archaeological
materialsfrom otherPacificislandsis subjectto the samdimitationsasthe description
of patternsof resourceexploitation, discussedbove, with the additionallimitations
imposedby uncertaintiesn datingandthe possibleabsencef stratifiedarchaeological
sitesthat would affect the ability to orderfaunalcollectionschronologically These
latterlimitations areeasedsomevhatfor theislandswestof Samoawhich arecharac-
terizedby archaeologicasitesthatyield ceramics Ceramic-bearingitesarerelatively
easyto placein chronologicalorder andfaunalcollectionsfrom thesesitesmight be
usedproductively in acomparatie analysisgvenabsenprecisedatingby meansther
thanthe kind(s) of potterythey yield. Islandseastof Samoagenerallylack pottery
requiringa heavier relianceon '4C datingmethods.

As with the potentialto describeaxploitation patternsthe methodsdescribechere
for identifying changesn exploitation patternsfrom historicalsourceshouldalsobe
applicablethroughoutmostof the Pacific Islands.

6.4 Long-Term Changesin the Condition of Inshore Resources

Theability of archaeologicainethodgo tracklong-termchangesn theconditionof in-
shoreresourcess wholly dependenontheability to placefaunalcollectionsin chrono-
logical order, andthe considerationsotedin the previous sectionapply hereaswell.
Thereare two potentialapproaches.Tracking changesn the sizesof animalsthat
make up thecatchwill involve re-examinationof archivedcollectionsfrom appropriate
sitesto collectthe sizeinformation,whichis notroutinely reportedby archaeologists.
Application of prey choicemodelsfrom foragingtheoryhave the advantagethatthey
do not requirere-examinationof collections,but will work with publisheddata. The
potentialdravbackof this approactis thatit hasnot beensubjectto the scrutiry and
criticismthatwill determinewvhetherit becomesnacceptednethodin archaeology

The methodsdescribedhere for identifying changesn the condition of inshore
resourcesrom historical sourcesare generallyapplicableanywhere,including other
Pacific Islands. The outputs,naturally would dependon the type and quality of the
availabledata.
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7 Summary and Conclusions

Sourcesf archaeologicainformationfor Hawai‘i appearto be sufficient to charac-
terize patternsof fishery resourceexploitation, chartat leastsomechangedn these
over time, andinvestigatdong-termchangesn inshoreresourcesThe literaturecon-
tainssomeexcellentcharacterizationsf patternsof fisheryresourceexploitation for
local areas,andthesecould be usedas modelsfor the re-analysisof the large body
of materialthat hasbeencollectedfrom throughoutthe islands. An analysisof this
sortmight be expectedto identify andcharacterizdédroadregional patternof resource
exploitationtied to characteristicef the nearshorenarineervironment. The investi-
gationof changeovertime is poorly developedin Hawaiianarchaeologyandresearch
into changingpatternsof resourceexploitation would necessarilydeal with probably
small subsetof the available datachosento meetthe fairly strict datarequirements
of establishednethods.The primary problemhereis likely to centeron the difficulty
of arrangingarchaeologicalaunalcollectionsin chronologicalorder Oncethisis ac-
complished however, indicationsof changearelikely to be found, asthey have been
in several Pacific Islandgroups. Investigationof patternsof resourcedepressiorand
rejuvenationwill requireeitherare-examinationof existing collections,or application
of methodswhoseutility is not yet establishedn the Pacific. Work alongtheselines
couldproveimportantfor Hawaiianarchaeologyndyield advancesn theanalysisand
interpretatiorof faunalremains.

Archaeologicalcollectionsfrom American Samoaoffer little of the potential of
thosefrom Hawai'i. A crediblecharacterizatiomwf the patternof resourcesxploitation
ononeislandin the Manu‘a grouphasbeenpublished but this collectionyieldedno
evidencefor changeovertime. If further progresss to be madein AmericanSamoa,
it will requireanexcavationprogramdesignedo recover suitablecollectionsof faunal
remains.

Not surprisingly the fartherbackin time onelooksthe fewer andlessquantitatve
arethe historical dataaboutinshoreresourcesand exploitation patternst In Hawai'i
andAmericanSamoathe post-195Qoeriodproduceda rich collectionof quantitatve
informationthathasrevealedmportantaspectsf, andchange#n, exploitationpatterns
andthe condition of inshoreresources.Furthersynthesisof existing sourceswould
probablyreveal additionalcharacteristicand changes.Thefirst half of the twentieth
centurysaw fairly detaileddocumentatiorof the commercialcomponentof inshore
fisheriesin Hawai‘i, but virtually no quantitatve information aboutnon-commercial
fisheriesin eitherHawai‘i or American Samoa. Up to the beginning of the twenti-
eth century documentatioraboutinshoreresourcesndfisheriesis mostly limited to
anecdotainformation.

Althoughtheinshorefisheriesnformationis relatively limited for mostof the pre-
1950period,the availableinformationaboutthe broadermolitical andeconomiccon-
ditionsin which Hawaiiansand Samoandivedis detailedenoughto provide valuable
cluesaboutfisheryresourcesindexploitation patterns Most critically, thereis reason-
ably goodinformationaboutthe sizeanddistribution of the humanpopulation. Even

4Historical eventsand trendspotentiallyimportantfor the interpretationof patternsandchangesn in-
shorefishingarelistedin appendixA.
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onits own, thatinformationcanbe usedto reveal grosstrendsin effort andcatchand
theconditionof inshoreresourcesThisapproachs likely to beespeciallypowerful for

theperiodprior to thetwentiethcentury becausevith justafew exceptionstherewere
essentiallyno exports of inshoreresourcesand no imports of substitutefood items.
Therearealsomary accountf the socialnormsthatshapedishing patternsjnclud-
ing marinetenurepatterns systemsof civil andreligiousauthority andspecificrules
governingaccesgo, anduseof, fisheryresources Althoughit is difficult to identify
theroot causeof fishing-relatedcontrols—forexample whetheror notthey evolvedin

responseo resourcescarcity this informationcanat leastbe usedto infer someof the
likely outcomesof suchcontrols. Finally, in the caseof Hawai'i, obsenationsabout
the existenceand useof fishpondscan provide importantinformationnot only about
pondproduction but alsoaboutthe useandconditionof inshoreresourcedn general.

A Historical Eventsand Trends

Listed belov are someof the more conspicuougventsandtrendsin the historiesof

Hawai'i and AmericanSamoahat may have hadimportanteffectson inshorefishery
exploitation patternsand inshoreresourcesincethe late 1700s. A few examplesof

findings and quotesrelatedto theseeventsare also given. Theseexamplesdo not

comprisean exhaustve assessmertf theseeventswith respecto inshorefisheries—
they areintendedonly to highlight a few of the possiblewaysin which they were
connectedo inshorefisheriesandresources.

A.1 Hawai'i

» Materialsandideasintroducedby explorers,missionariesywhalers,andtraders,
startingin 1778

Campbell(1816)reportedthat by 1809the king had his own forge, iron goods
werein generaluse, andwire hookswerebeingusedto catchaku

» Thegradualkentralizatiorof authoritythatbeganbeforeEuropearcontract,cul-
minatingin Kamehameha'taking control of all the Main Hawaiian Islandsby
1810

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

 Earlyimpactsof Westerner®n customarysystemsf authority

The authority of the chiefs beganto be underminedeven upon the arrival of
Cook’s shipsat KealalekuaBay. Cook’s arrival occurredin a seasorin which
boatsshouldnot have beenabout,but his breachingof the local rules brought
no ill to the crew: “Quite unconsciouslyCook had challengedthe regulative
mechanismof the society and exposedthe prescriptve devicesto criticism”
(Scobiel949:272).
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» Overthrow of thekapusystem;n 1819

» Humanpopulationdecline reachingalow of about0.05million peoplein 1876,
andits reboundhroughthetwentiethcentury reachingabout1.2 million in 2000

» The sandalvood trade, which pealed in the 1820sand endedby mid-century
with the depletionof sandalvoodtrees

Merlin (1998:170):“. ..by 1827 heary taxes, paid in sandalvood, were being
levied on commoners..in orderto retire a debtof $500,0000wed American
merchantgrom spendingoy Kamehamehdl.” “Large numbersof peoplewere
forcedto abandortheir subsistencectiities to searchfor wood, and Western
visitors reportedseeingprocession®f 2,000-3,000men carrying sandalvood
down from the forests:

Culliney (1988) suggestedhat the virtual disappearancef pearlsfrom Pearl
Harbor after the 1820smay have beendueto the estuarybecomingespecially
turbid asaresultof sandalvoodfelling in its watershed.

» Thetradein sandalvood andthe subsequentevelopmentof Hawai‘i asa base
for whalersdriving the shift from a subsistencéo a casheconomy

Reynolds (1835) obsened in 1832thatit had becomecustomaryfor fish and
othercommoditiesto be sold in a squarenearHonolulu’s waterfront. In 1851
Honolulu'sfirstregularmarkethousédor fisheryproductsvashbuilt (Cobb1905a).

Referringto the 500whaling shipsthatvisited Hawai'‘i for provisionseachyear
during the heyday of whaling, MacDonaldremarled “[w]hereasin the 1820s
tradehadbeenunderthe control of thechiefs,by the 1850sindependentarmers
paid market feesto tradewith visiting vessels'(MacDonald1998:172).

» Theprocesf urbanizationstartingat Waimeaon Kaua'i andKealalekuaBay
onHawai'i immediatelyafter Cook’svisit, thenin the earlyandmid-1800sshift-
ing to Lahainaon Maui and Honolulu on O‘ahu with the developmentof the
whalingindustryin the Pacific

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

“...thegrowth of thetownsincreasedhe demandor fish at particularpoints. It
greatlystimulatedfishing actities in pondsadjacento the main centers... At
thesametime theincreasedocal demandn nearbyfishingareasvasthe begin-
ning of overfishing” (Scobie1949:286).

» Thecorversionto Christianity which greatlyaccelerateih the 1830s following
closelybehindthe abandonmendf muchof theindigenouseligioussystemby
decreeof themonarchy

Becausaherewerefewer sacreddaysin the Christiancalendacomparedo the
numberobsened previously, “the adwentof Christianity held the possibility of
increasindfisheries]production”(Scobie1949:283-284).
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» The establishmenand developmentof centralizedfishing rules, startingwith
Kamehamehdll’ s 1839 set of fishing-relatedlaws, including the division of
fishinggroundsamonghimself,thelandlordsor konohiki, andthe commoners

“His majestytheKing herebytakesthefishinggroundsrom thosewho now pos-
sesghemfrom Hawaii to Kauai,andgivesoneportion of themto the common
people,anotherportion to the landlords,and a portion he resenesto himself’
(quotedin JordanrandEvermann1902:361).

» The mahele of 1848-1850,resultingin the land interestsof Hawaiiansbeing
privatizedandableto be held by foreigners

“The 10ali'i nui [high chiefs], 24 kaukauali‘i , or lesserchiefs,and 218 kono-
hiki, or land stevards, were all requiredto give up 50 percentof landsthey
administeredo the government.The majority of the governmentandwassold
to foreigners”(Kame'eleihina 1998:173).

“Understandinghatland, waterandinshorefisheriesmanagementannotfunc-
tion separatelyn remotePacific Islands the impactsandervironmentalconse-
guencesf the Maheleextendto the depthsof fisheriesadministrationconser
vation,andmanagemerit Hawai'‘i today” (Lowe 2003:33).

» Theuseanddeclineof fishponds

“Complaintswerefrequentlyheard. . . that pondoperatorsjnsteadof augment-
ing thefish supply wereactuallycontributing to its destructiorby greatlyover
stockingthe pondswith youngfish” (Bell andHiggins1939:9).

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

» Theintroductionof new materialsand methodsjncluding facemaskstorches,
andin about1890,the castnet

» Theremarkablyhigh fish prices

“The fisheriesof Honoluluarerapidly falling off in amount,with a correspond-
ing rise in the pricesof fish, which are now perhapshigherthanin ary other
seaportown in theworld. Onecauseof thefalling off is to befoundin overfish-
ing within alimited area”(JordanandEvermannl1902:371).

“The visitor to Honoluluis immediatelyimpressedvith therelatively high price
of fishontheretail marlkets. This conditionhasobtainedor solong aperiodthat
it hasreceveda greatdealof public attentionandduringthe pastyearhasbeen
the subjectof aninquiry by a specialinvestigatingcommitteeof the Territorial
Legislature”(Bell andHiggins 1939:12).

» Theformationof the Republicof Hawai‘i andanne&ationby the United States,
in 1898

“Under the Republicthe White establishmenivasfirmly in power: few Hawai-
iansandno Asians,or Whiteswithout property weregiventhe vote. Thelands
of themonarchy(crown land),designateéspublic propertyunderthe Republic,
becamepartof governmentand” (Langlas1998:177).



A.1 Hawai'i 61

» Thedevelopmenbf thesugareconomyandimmigration,particularlyin thelate
1800sandearly 1900s

“Whereasin 1876 Asiansmadeup only 4.5 percentof the population,by 1890
they were33 percentandby 1900,56 percent’(Langlas1998:1998).

Scobie(1949:266notedthatwithin 100yearsof Europearcontactthefisheries
weredominatedby foreigners:“The Hawaiianshadvirtually disappearedrom
thefishingindustry”

Observingthe situationin 1937,Bell andHiggins (1939:14):“Thus 51 percent
of the [licensed]fishermenin Hawaii are aliensas comparedwith 49 percent
citizens,despitethefactthatmary restrictionsareplacedon alienfishing”

Immensequantitiesof cannedsalted,smoked,anddriedfisheryproducts such
assalmon cod, skipjack,maclerel, herring,sardinesshrimps lobsters oysters,
clams,mullet, etc.,areimportedandconsumedy the people particularlyonthe
sugarplantations”(JordanandEvermann1902:379).

» The expansionof commercialinshorefishingto the NorthwesterrHawaiian Is-
lands,includingits beginningsin thefirst few decadesf the1900s theintensive
but short-lived pearloysterfisheryat PearlandHermesAtoll in thelate 1920s,
developmenbf theakulefisheryin the 1950s the generadeclineof Northwest-
ernHawaiianlslandsfishingin the 1960sand1970s,andtherapiddevelopment
of the NorthwesterrHawaiian Islandslobsterfisheryin the 1980s

Describingthe resultsof a biological surey in 1930, threeyearsatfter the ini-

tiation of the pearloysterfisheryat PearlandHermesAtoll, Galtsof (1933:40)
concluded:“At presenthis minimum [break-ezendaily collectionrate] cannot
be attainedat Pearland HermesReef, for the oyster populationhasreacheda
dangerouslyow limit andis threatenedvith extinction”

Remarkingon the variousvesseldnvolvedin commercialfishingin the North-
westernrHawaiianlIslandsin the 1930sandfollowing World War 1, Iverseretal.
(1990a:9)stated:"However, besidedbottomfishing thesevesselsalsofishedfor
lobstersreeffishandinshorespeciesandturtles. . .”

» World War II, with its sudderanddramaticchangego theeconomicandregula-
tory ervironments

“With the entry of the United Statesin the SecondWorld War camethe impo-
sition of areaandtime restrictionson fishing actwities in Hawai'‘i thatvirtually
eliminatedoffshoreharestingoperations’(Schug2001:29).

» Therapidincreasen coastaldevelopmentparticularlysincethe 1950s

Shomura(1987)cited a numberof importantimpactsof suchdevelopment,n-
cludingreductionof freshwaterinflows, thelossof pondsfilling of mudflatsand
coastalareashpuilding of shorelinebulkheadsandcreatingsandbeachesvhere
noneexistedpreviously.

» Therapidincreasen tourism,particularlysincethe 1950s
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Thecontinuingdevelopmenbf controlsoninshorefishing,includingthedefacto
marineprotectedareasestablishedsa consequencef the strongmilitary pres-
ence

“Fully-protectedno-tale reseresin the MHI have beenshownn to have higher
standingstocksof reef fishescomparedo areaswherefishing is permittedor
areaswith partial protectionfrom fishing...yet theseresenesaccountfor less
than1% of theareasurroundinghe MHI” (Friedlandei2003:230).

Theintentionalandincidentalintroductionof alienspeciesincludingmangrwes
anda numberof marinefishes,ncludingta‘ape (Lutjanuskasmig)

Theincreasen thefrequeng of inter-islandjet flightsin the 1970s,encouraging
marketingin Honolulu of fish from otherislands,andthe increasen air traffic

betweenHawai‘i andboththe U.S. mainlandand Japanopeningnev markets
for freshHawai‘i fish

Changesn the prevalenceof ciguatera

“Jacksasagroupbecamessociatewith ciguateradueto anumberof poisoning
casesassociatedvith kahala(Serioladumerili), a favorite target of bottomfish
fishermenuntil the concernf ciguateran the 1980sin Hawai‘i. The dangers
posedby ciguaterain jacks as a group and the potentiallegal liability posed
by the saleof suchfish causedthe main fish marketsin Hawai‘i to refuseto

handlesuchfish from 1990onwards. Consequentlyargeting of jacksdropped
considerabhafterthis period” (FriedlandeiandDalzell 2003:179-180).

“Spearfisherandshorelinegathereron Kaua'i shareconcernsaboutciguateia
with local kupuna All agreethat its incidencehasincreasedn recentyears
... The goodnews is that, while ciguaterainhibits humanfish consumptiorand
sales,it is a strongdeterrentto overfishingand may be relatively harmlessto
otherpredatoryspeciesn the coastalzone” (Lowe 2003:46).

Coastabevelopmenin thelasthalf of thetwentiethcentury resultingin substan-
tial alterationof coastlinenabitat,uplanderosionandconsequensedimentation,
land-basegbollution, anddivertedstreams

Regardingthe Main Hawaiianlslands | owe (1995a:685 oncludedhatdespite
all the detrimentalimpactsto the marine environmentstemmingfrom coastal
developmentand other non-fishingactuities, “overfishingstill constitutesthe
driving forcein thedepletionof inshorefisheries.

Shomura(1987) identified anthropogenidabitatdegradationand pollution as
two possiblecausatie factorsfor the apparentlymassie declinein Hawai'i’ s
catchesof inshoreresourcesrom 1900to 1986. But he alsoidentified short-
comingsin the available data, overfishing, and shifts amongtarget speciesas
otherpossiblecauses.

Fishstockenhancemerdndhabitatenhancemerdctiitiesin thelasthalf of the
twentiethcentury
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“...experimentalreleaseqgof moi, Polydactylussexfilis] have madesignificant
contributionsto O‘ahurecreationamoi fishery” (Ziemannetal. 2003:203).

“Thousandf [tire-and-concretdish habitatmoduleswereaddedto the exist-
ing artificial reef sites, resultingin a dramaticincreasen fish communitiesin
theseareas”(Ziemannetal. 2003:203).

A.2 American Samoa

» Materialsandideasintroducedby the earlyvisitors, startingin 1722

Thehighvalueof metalfishhooksappearso bereflectedn the experienceof the
crew of the WilkesExpedition,who, uponlandingon Ta‘u, “were immediately
surroundedy Samoansvantingto tradefor fishhooksandtobacco”(Holmes
1974:13). Upon trying to leave the island, “The king and several other chiefs
climbedinto the ship’s longboatandrefusedto leave until they weregivengifts
of fishhooks”(Holmes1974:13).

» The activities of missionariesstartingin 1828, resultingin the corversionof
mostSamoango Christianityby 1900

“Beginning with their projectof reducingthe Samoananguagento writing in
1834,the LondonMissionarySocietyworkershave hada profoundimpactboth
religiouslyandeducationallyuponSamoariives” (Holmes1974:12).

With respectoimpactson Samoas socialandpolitical systemshowever, Holmes
arguedthat “[w]hat wasundoubtedlythe mostdevastatinginfluencefor change
on most Polynesiancultures—thecoming of Christianity—hadlittle effect on
the social structureof Samoa,since Samoanculture had lessinvestedin reli-
gioussanctions’(Holmes1974:96). Further “it waspossiblefor the societyto
acceptanotherreligion without affecting the statusor authority of the chiefs”
(Holmes1974:95).

» Thedevelopmenbf commerciaplantationsstartingabout1850

» Theimpositionof theU.S.colonialadministratiorin 1900andconsequenthanges
to traditionalsystemf authority

Many obsenrershave found Samoanso bemoreconserativethanotherPolyne-
siansocietieswith respecto retainingtheir customs particularlytheir custom-
ary system9f authority Basedon obsenationsmadein 1927, Te RangiHiroa
concludedhat“[e]xceptfor thedoingaway with someof the highestranks,cor-

respondingo that of petty kings andprovocative of war in graspingpower, the
introductionof a foreign culture hasmadelittle fundamentadifferenceto the
basisof Samoarsociety” (Hiroa 1930:5). Further “[p]ersistenceof customhas
led to theretentionof muchnative materialculturein Samoa’(Hiroa 1930:6).

Gray (1960)recounteda striking casein 19000f the U.S. Naval administration
deprving a chief of his authorityafterthe chief punisheda manfor not comply-

ing with the customaryobligationsregardingthe distribution of the catchof atu

(Katsuwonugpelamig.
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» Theintroductionof improvedfishinggearsandmethods

Wass(1980) notedthat new fishing technologiesandimproved gearefficiency
hadcontributedtowardstheuseof moregeneralizedishingmethods Traditional
methodsandgeargdesignedo capturespecifickindsof fishin particularkindsof
locationswereno longerbeingused.Wassalsofound a decreasén therelative
amountof fishingbeingdoneby groupsversusndividuals.

Scubagearstartedbeingusedfor inshorecommerciaffishingin 1995. Until the
practicewasbannedn 2001,it wasfoundto yield twice the catch-petunit-of-
effort asfree diving (AmericanSamoaEnvironmentalProtectionAgencgy nd).

» World War I, with PagoPagoa majornaval base

* Increasegbost-World War Il interestandinterventionby thefederalgovernment,
startingwith the administratve transferfrom the Navy to the Departmentof
Interiorin 1951, thereoganizatiorof theeducatiorsystemin the 1960s andthe
openingof PagoPagolnternationalAirport in 1962

“This metamorphosidasacceleratedver the last three decadesfor the in-
creasedNesterninterestin the Pacific which accompaniedndfollowed World
War Il hasprompteda secondvave of changecomparablén magnitudeto that
experiencedduring the early colonizationof Pacific islandsby nationsof the
West” (Hill 1978:2).

» Emigrationto Hawai‘i andtheU.S.mainland with 1,300peopleleavingin 1951
afterthedismantlingof thenaval basePagoPago,andby theendof thetwentieth
century about250,000Samoandiving outsideof Samoa

» Severestorms,suchasin 1915,1986,1990,and1991
HurricaneOfain 1990andVal in 1991 destroyed mostcoral growth down to a
depthof 10-15metersin mostplacesaroundTutuila (Maragosetal. 1994).

» Crown-of-thornsoutbreakssuchasin 1967-70,1977-80,and1982-85
The crown-of-thornsoutbreakof 1978led to lossesof up to 95 percentof the
live coralin mary areayWass1979).

 Coralbleachingevents,suchasin 1994and1998

In somelocations the 1994coralbleachingeventaffectedmostof the coralsthat
remainedafterthe damagecausedy the previous stormsand crovn-of-thorns
outbreak(Craig 1995b).

 Urbanizationandthe shift away from a subsistenceconomy accompaniedby
increasingnputsof federalaid, particularlyduringthe lasthalf of the twentieth
century

Wolf ManagemenServices(1969)identified federalaid and remittancesrom
family memberdiving abroadasthe primary component®f theeconomy

Wass(1980:78): “Cannedand frozen fish, poultry and meatare an attractve
alternatve to self-caughfish becausehey areconvenientto purchasendstore,
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offer a variety of taste,make excellentgifts for weddings,funeralsand other
culturalfunctions,andcorvey a senseof prestigeto thosethatusethem” (Wass
1980:78).

Craigetal. (1993)and Saucermarfl995a)reportedsubstantialeclinesin fish-
ing effort andcatchfrom 1979to 1994. In additionto identifying habitatdegra-
dationand overfishing(as evidencedby a decreasen catch-petunit-effort) as
possiblecause®f the decline,the former reportcited socioeconomidactorsas
beingimportant,including lessavailableleisuretime, a shift in dietary prefer
encesandanincreasingpreferenceo buy fish ratherthanto catchthem. The
reportalsonotedincreasingmportsof fish productsfrom SamoaandTonga.

» Developmentof the commercialfishing and fish processingndustry starting
with theestablishmenf theVanCampSeafoodCompaly canneryin PagoPago
in 1954 andthe StarKist canneryin 1963, the developmentof the bottomfish
fisheryin the 1980s,and the rapid developmentof the locally basedlongline
fleetin the 1990s

» Coastadevelopmenduringthelastquarterof thetwentiethcentury resultingin
substantiablterationsto coastlinehabitat,uplanderosionand consequensedi-
mentationandland-basegbollution

Saucermamneviewedmeasuresf variousattributesof effort andcatchfrom 1991
through1994—includingsubstantiateductionsin effort, catch,and catch-per
unit-effort, aswell asfindingsof undervatercoral reef sureys andotheranec-
dotal information, and concludedthat “[sJome of the dataindicatethat habitat
degradationis the causeof thedeclinein thefishery” (Saucermani995a:447).

» Populationgrowth, with the populationof Tutuila growing from about5,000in
1900to morethan60,000in 2000

Citing a populationgrowth rate of 2.5 percent,Craig et al. (2000b:769)stated
that“[p]erhapsthe mostseriouservironmentalandsocialproblemfacingAmer-
ican Samods its uncontrolledpopulationgrowth” (seeCraig 1995a;Craigetal.
2000a).

Given the high rate of humanpopulationgrowth, it is remarkablethat fishing
effort (andcatch)in theshorelinesubsistencésherydeclinedsubstantiallyn the
lasttwo decade®f thetwentiethcentury(Craigetal. 1993;Saucermani995a).



66

B

IDENTIFIED SHELLFISH

B Shellfish Identified in ArchaeologicalReports from

Source

Sullivanetal. (1996:78)
Barrera(1989a:222)
Donham(2000:7.76)
O’HareandGoodfellav (2003:180)
Hay etal. (1986:4-1064—135)
Jenser{1990b:100)
DunnandRosendah{1992:29)
Corbin(2000b:67)
Rosendah(1973:6tables)
Frederickseretal. (1998:136)
Hammattetal. (2000a:2122, 24, 25)
Jenser{1990a:60)
YentandOta(1983:57,59,61)
YentandEstiolo-Griffin (1980:517-519)
Henryetal. (1992:19)
Hammattetal. (2000b:154)
Cleghorn(1975:29)

Walker andRosendah{1988:170-81)
Henryetal. (1997:200-215)

Davis andSpean2002:AppendixA)
Toenjeg(1986:31,67,75,90)
Rosendah(1972:36,39,59,63,67,73,77)
Jenser{1991a:23)
Jenser{1992:A-50)
Donham(1998:B-3-B-8)
Donham(1987:113114)
Hammattetal. (1992:98,99)
Corbin(2000a:38)
HammattandMeeler (1979:38)
Rechtmar(1998:34 35)

Dunnetal. (1995:A-55,A-59)
LeboandClark (1997:146-148)
PantalecandClark (1992:38)
FredericksermndFrederickserf1995:41)
Spean(1993:36)

Hammattetal. (1985a:120)

Walker andHaun(1989:20,21)
Hartzell (1997a:145-147)
Kennedyetal. (1994:C1)

Dyeetal. (2002h:232)
Hammattetal. (1994a:46-483-10)
RobertsandRoberts(2001:AppendixC)
McDermottetal. (1993:234)
Hammattetal. (1994a:B-10)
O’HareandWolforth (1998:Sectior?)
Walker etal. (1996:89)
HammattandCraddock(1992:136)
Griffin andLovelace(1977:145)
Elmoreetal. (2001:C4)
Rosendah(1999a:4546)
Robinsetal. (1998:105)
Carson(1998:A-1)
Komori(1987:48,62)

Weight (g)
285818
142840
126333
120900

64876
62302
52159
50210
40197
39590
34594
30277
29342
17211
16018
15767
13107
12919
12498
12478
11815
11395
10637
10299
9311
8001
7003
6736
6374
6276
6233
5978
5680
5289
5268
5103
5017
4195
4177
4099
4096
3999
3913
3852
3733
3689
3588
3536
3489
3326
3311
3300
3165

* Long table(s)without totals,weightsnot tallied.
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Source

Donham(1989:105)

Headetal. (1995:B-21)
RechtmarandClark (2002:18,26)
HammattandClark (1980:71-76)
ColinandHammatt(2003:51-53)
Pantalecetal. (1992:100-102)
Hommon(1983a:28)

Davis (1991:63)
Cleghorn(1976:54)
Ayres(1970:45)

Clarketal. (1997:389)

Walker andRosendah{1992:94)
Frederickseretal. (1993a:18)
Donham(1990b:35)

Estiolko-Griffin andLovelace(1980:133-137)
Borthwick etal. (1997:87)

Kirch (1973:22)

Buffum andSpearn2002:AppendixB)
Barrera(1989h:5)
JenserandDonham(1988:73,77,88)
Borthwick etal. (1999:71)
Jenser{1994:83)
Walker etal. (1985:118)
Chanet-PondandRosendah{1992:32)
HammattandToenjeg(1991:118)
RosendahéindHaun(1987:54,56)
Hammattetal. (1984:78-79)
JenserandGoodfellav (1993:30)
Burgettetal. (1996:57)

Heideletal. (1998:40)
Hammattetal. (1995:233)
Yentetal. (2000:69,70)
Yent(1991:36)

Major etal. (1995:72)
Lass(1995:21)
Rosendah(1999b:15pages)
Buffum andDega (2001:AppendixB)
RechtmarandWolforth (2000:22,23)
Landrumetal. (1990:57)
SchiltandDobyns(1980:90)
O’HareandGoodfellav (1999:84)
Donham(1992:75)
HammattandShideler(1992:40)
Hammattetal. (1986b:75)
SchilzandAllen (1996:88)
Got0(1986:323)
Yeomang2001:AppendixA)
Hammattetal. (1987a:94)
Goodwin(1994:\0l. 2,226)
Yeomangtal. (2001:AppendixE)
CleghornandCox (1976:31)
AthensandMagnuson(1998:28-30)
Clark (1987:74,76)
Hammatt(1979c:42)

Weight (g)
3116
3108
3097
3024
2955
2899
2774
2772
2691
2612
2583
2542
2508
2427
2425
2419
2394
2298
2264
2256
2245
2213
2199
2194
2138
2085
2020
1996
1931
1916
1879
1877
1874
1861
1837
1796
1756
1701
1698
1697
1692
1668
1665
1632
1624
1614
1602
1558
1544
1540
1523
1518
1509
1441

* Longtable(s)without totals,weightsnot tallied.
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Source

Donham(1986:44 46)
DenhamandPantaleo(1997b:Appendid)
Donham(1990d:39)
Rosendah(2001:16,20,22)
DunnandSpean(1998:C-1)
Carson(1999:AppendixC)
SpearandSinoto(1993:26)

Walker etal. (1988:105-108)
Headetal. (1994b:46)

Headetal. (1994a:24)

Hammattetal. (1985b:30)
GravesandFranklin (1998:46)

Welch (1988:B-3)

Wolforth etal. (2000:23,24, 33, 36)
Williams etal. (2002:AppendixB)
Walker andHaun(1987:37)
Hammatt(1979a:70)

Berdyetal. (2001:43)

Mooreetal. (1997a:24)
Hammatt(1991b:18)

Strideetal. (2003:68)
FrederickserandFrederickserf2001a:55)
Wickler andTuggle(1997:150)
DenhamandKennedy(1993:22)
Mastersoretal. (1997:AppendixX|IB)
Durstetal. (2001:94)

Davis (1984:81)

Rosendahétal. (1983:17,18, 20)
Perzinskietal. (2000a:108)
Hommon(1979:16)
Tomonari-Tuggle(1994:50)
FrederickserandFrederickserf2002a:61)
ElmoreandKennedy(2002:AppendixC)
GravesandGoodfellav (1993:59)
Elmoreetal. (1999:B-8-B-10)
Jenser{2000:12)
Rosendah&ndDelimont(1988:3)
HaunandHenry(2001:11)

Barretal. (1994:240)
CarlsonandRosendah(1990a:13)
Jenser{1991b:26)

Hammattetal. (1985c¢:60)
FredericksermandFrederickserf1996:18)
ChafeeandSpean1994:61)
Connollylll (1980:57)

Kirch (1979:43)

Rolett(1992:7)

Latinisetal. (1997b:35)

Hammattetal. (1987b:58)
DunnandRosendah({1989:26)
Lee-Grigy (2002:3-25)

Dicks andHaun(1987:32)
Barrera(1995h:32)
FredericksermndFrederickserf2000a:68)

Weight (g)
1426
1421
1402
1369
1312
1307
1252
1183
1165
1156
1101
1083
1054
1045
1031

994
965
965
963
929
856
855
841
799
784
784
775
742
740
717
705
699
688
684
680
660
658
656
648
642
637
613
586
585
584
578
578
577
576
571
570
570
562
547

* Long table(s)without totals,weightsnot tallied.
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Dye (1977b:2425)
Rechtmar(2000b:11-32)
Beardslg andKaschlo (1998:4344)
Colinetal. (1995:28,29)
HeadandRosendah(1995:41)
Dixon etal. (2000:216)
McDermottandHammatt(2000:AppendixA)
Spean(1992a:18)
Hommon(1983b:107)
Athens(1991:102)
DonhamandKai (1990:15)
Hammattetal. (1986c¢:64)
Denhametal. (1992d:19)
Cox(1976:68)
SpearandRosendah(1987:51)
McDermottetal. (2000:AppendixB)
Bushnelletal. (2003:AppendixC)
Haunetal. (2002:16,17)
McDermottetal. (2001a:Appendid)
ElmoreandKennedy(2000c:40)
Joneq2001:154)
Rechtmar(2000a:21)
DunnandRosendah{1991:28)
Creedetal. (1995:46)

Headetal. (1996:52)

Colinetal. (1996:126,127)
Athens(1983:39)
DonhamandWalker (1990:28)
Walker etal. (1991:26)

Kaschlo (1991:37 45)
Spear(1996:4155,99)

Robinsetal. (2000:116)
FredericksermndFrederickserf2000b:82)
CarlsonandRosendah(1990c:27)
Hammattetal. (1986a:66)
Allen-Wheeler(1981:67)

Kolb etal. (1997:207)
WulzenandWolforth (1997:19)
ClarkandRechtman(2002:22,27)
Kennedyetal. (1992b:23)
AndersomandSchilz(1998:61)
HurstandAllen (1992:124-127)
ColinandHammatt(1997:10)
Spean(1987:24)
CorbinandGothar(2000:27-28)
Crozier(1971:5)
RechtmarandHenry(1999:16)
MooreandKennedy(1994b:A4)
McDermottandHammatt(1997:25-27)
Frederickseretal. (1993b:12)
ClarkandRechtmar(2001:14)
Corbin(2001:37)

Davis (1989:72)
HammattandShideler(1984:33)

Weight (g)
520
496
484
484
469
466
458
454
445
438
431
429
429
421
418
412
383
383
382
369
360
358
352
349
348
344
342
332
325
324
314
311
302
300
291
281
276
275
274
262
258
256
253
250
246
245
244
244
237
230
230
220
217
217

* Longtable(s)without totals,weightsnot tallied.
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ElmoreandKennedy(2000d:D-1-D-3)
Rosendah(2000:35,38,40,42)
McNeill (1988:42)
HaunandHenry(2000:30,38)
ElmoreandKennedy(2001a:18)
ElmoreandKennedy(2000b:37)
Headetal. (2003:32)
Perzinskietal. (2002:225)
FredericksermndFrederickserf2000c:15)
Barrera(1995a:12)

Miller (1993:113-137)
Dangetal. (1993:17)
Winieskietal. (2002:200)
Denhametal. (1992b:26)
FredericksermndFrederickserf1997:46)
HammattandShideler(1989:31)
MooreandKennedy(2002:A6)
Denhametal. (1992c:53)
Hammatt(1979b:46)

Elmoreetal. (2002:C1)
LeboandMcGuirt (2000a:9899)
O’HareandGoodfellav (1994:73)
Latinisetal. (1997a:67)
Hammattetal. (1996:33,34)
Gravesetal. (1998:33)
Perzinskietal. (2001:37)
Athens(1988:61)
ShunandStreck(1982:11)

Dye (1977a:6)
WulzenandGoodfellav (1995:38)
CarsomandSpearn(1999:A-1)
Welch(1989:17)

Zulick etal. (2000:171)
Floodetal. (1994:138-145)
O’HareandRosendah(1993:46)
FagerandGraves(1993:27)
SinotoandTitchenal(2002:60)
McDermottetal. (2001b:60)
BorthwickandHammatt(1994:34)
HammattandFolk (1980:92)
HammattandBorthwick (1986:63)
Borthwick etal. (1994a:44)
CrozierandBarrera(1974:37)
Rechtmaretal. (2002a:2130)
BorthwickandHammatt(2001:68)
Walker andRosendah({1998:24)
Folk etal. (1998:51)
Shun(1992:53)
MclIntoshandCleghorn(2000:60)
Spear(1992b:18)
Carter(1989:10-14)
Hammattetal. (1994¢:143-149)
ElmoreandKennedy(1999:20)
FredericksermndFrederickserf2002h:88)

Weight (g)
213
210
204
203
202
201
200
189
188
186
185
183
175
174
168
165
164
158
153
150
149
143
142
139
136

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

continuedon next page



continuedfrom previous page

Source

Bonk (1988:13)

Erkelens(1996:93)
SpearandBurgett(1999:AppendixD)
Hammatt(1991a:5658)

FredericksermndFrederickserf2000d:44)

DunnandRosendah{1993:14)
Dunnetal. (1999:A5)

Major andKlieger(1996:76)
Hammattetal. (1993:36)
Perzinskietal. (2000b:29)
Tomeetal. (2002:A-5)

Walker andGoodfellav (1991:13)
Dyeetal. (2002¢:105)

Firor andRosendah(1994:43)
ElmoreandKennedy(2000a:22)
McGertyetal. (1997:62)
Borthwick etal. (1994b:68)
Weisler(1989:45-46)
HenryandGraves(1993:21)
Rosendah(1983:21)
RechtmarandDougherty(2002:13)
MooreandKennedy(1995:A4)
Dockall (2003:41)
Donham(1990a:17)
MooreandKennedy(2003:A-2)
Haun(1986:85)
YeomansandFager(2000:42)
Devereuxetal. (1998:57)
KennedyandDenham(1992b:20)
Neesetal. (1998:27-28)
Ebleetal. (1995:10-13)
MooreandKennedy(1994a:23)
Firor andRosendah(1991:25)
Watanab&1986:n.p.)

ElmoreandKennedy(2000e:AppendixC)

Elmore(2000:36)
Jenser{1990c:24)
BarreraandHommon(1972:36-52)
ClarkandRiford (1986:91-94)

DenhamandPantaleo(1997a:AppendiB)

HammattandFolk Il (1981:179)
Kennedyetal. (1992c:42-44)

KennedyandDenham(1992a:31-33)

KennedyandDenham(1992c:23)
Landrum(1993:48-51)
Mooreetal. (1993:80)

Putzietal. (1998:105,106)

Rechtmaretal. (2002b:229249,308,315,329)

Sinoto(1976:Appendix)
Tuggle(1994:54)
Tuggle(1995:139-146)
Kennedyetal. (1992a:156-162)

Weight (g)

61
59
57

* X X X X X X X X X X ¥ ¥ X ¥ ¥FR PN~

* Longtable(s)without totals,weightsnot tallied.
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72 C UNIDENTIFIED SHELLFISH

C Shellfish Listed but Unidentified in Archaeological
Reports from Hawali‘i

Source Weight (g)
Rosendahétal. (1987:\/38) 33049
Ladefoged1990:165) 18431
Jonesetal. (1994:98) 17746
Tuggle(1993:210) 17624
Hammattetal. (1998:112) 14776
Hammattetal. (1994b:160) 7215
Hammatt(1989:22) 6149
McGertyandSpean(1996:82) 3943
Riford (1984:16) 3489
CorderoandDega (2001:D-1-3) 3337
Hammattetal. (1988:72) 2632
Bushetal. (2001:125) 1804
Fredericksertal. (1994:30) 1752
Toenjesetal. (1992:118) 1604
Wolforth andWulzen(1998:2-23) 1330
AthensandSilva (1983:102) 1174
Haun(1978:69) 907
Ziegler (1990:104) 653
Hammattetal. (1978:93) 580
Cordy(1978:82) 407
McIntoshandPantaleo(1998:94) 404
BurgettandSpear(1996a:21) 389
FredericksermndFrederickser§1992:18) 271
BurgettandSpear(1996b:25) 201
Colinetal. (1998:58) 162
Denhametal. (1992a:23) 160
CordyandAthens(1985:45) 70
Hammattandlda (1992:32) 61
Borthwick etal. (1992:120) 58
Folk etal. (1994:55) 50
DunnandSpean(1995:32) 30
Barrera(1998:9) 18
FredericksermndFrederickserf2001b:57) 15
Devereuxetal. (1998:57) 10
ElmoreandKennedy(2001b:27) 6
Donham(1990c:14) 4
Robinsetal. (1994:151) 2
Williams (1989:33) 0




73

Identified Fish Reported as NISP in Archaeological
Reports from Hawai‘i

Source NISP  Comment

Dyeetal. (2002b:378) 32052

Wickler andTuggle(1997:143) 26860

Ziegler (2000:5.17-5.30) 23963 Goodcomparatie collection
Davis andSpean2002:AppendixA3) 7404

Henryetal. (1997:221-224) 5313

Goodwinetal. (1996:103) 4261

Hartzell(1997b:134,135) 3543
Got0(1986:329-334345-349399-408) 3516 Only identifiedfragmentscounted
Rechtmar(1998:35,36) 1981

RechtmarandWolforth (2000:25) 1687

Davis (1991:60,61) 1108

Hayetal. (1986:7C-34) 993  Only identifiedfragmentscounted
KennedyandDenham(1992a:35-42) 661

Rosendah({1999a:4950) 621

Hartzell(1997a:142) 316

Putzietal. (1998:108) 315

Rolett(1992:6) 282

Tuggle(1995:154-159) 173
Rosendah&ndCarter(1988:76) 158

Durstetal. (2001:100) 119

Shun(1992:54,55) 74

Haunetal. (2002:20) 33

McDermottetal. (2001b:61) 25

RechtmarandClark (2002:27) 16

Dyeetal. (2002c:106) 4

Tuggle(1994:53) 0 Longtableswith nototals




74 E IDENTIFIED FISHREPORED AS WEIGHTS

E Identified Fish Reported asWeightsin Archaeologi-
cal Reports from Hawai‘i

Source Weight (g)
Goodwin(1994:\0l. 11, 284) 14372
ElmoreandKennedy(2000d:E-1) 11525
O’HareandGoodfellav (2003:197) 6250
Burgettetal. (1996:57) 1656
Hammattetal. (2000b:155) 1457
Barrera(1989a:223) 678
JenserandGoodfellav (1993:33) 647
Goodwinetal. (1996:104) 620
Henryetal. (1992:19) 542
Joneg2001:159) 487
GravesandGoodfellav (1993:63) 312
Mooreetal. (1997a:20) 311
Hammattetal. (2000a:21,22,24,25) 273
McDermottetal. (2000:AppendixB) 235
ElmoreandKennedy(2000e:AppendiD) 208
Elmoreetal. (2001:D3) 128
Kennedyetal. (1994:C2-C5) 122
Walker etal. (1996:90) 110
Clark (1987:75,77) 91
Mooreetal. (1997b:53) 90
Williams etal. (2002:B) 20
Hammattetal. (1987a:94) 82
JenserandDonham(1988:73,79, 88) 79
Elmoreetal. (1999:B-7) 68
Floodetal. (1994:138-145) 63
McGertyetal. (1997:62) 62
Rosendahétal. (1983:17,18, 20) 60
Kirch (1973:23) 49
Yeomangtal. (2001:AppendiX) 46
Dunnetal. (1995:A-55) 45
Headetal. (1995:B-18) 42
Jenser{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 andSpean2002:AppendixC) 25
Hammattetal. (1994c:143-149) 24
McDermottetal. (2001a:Appendipd) 23
Folk andHammatt(1991:61) 23
Landrum(1993:48-51) 22
Buffum andDega (2001:AppendixC) 20
Robinsetal. (2000:117) 18
ElmoreandKennedy(2002:AppendixB) 17
ChafeeandSpear(1994:61) 16
RosendahéndDelimont(1988:4) 16
Hammattetal. (1995:233) 14
McDermottetal. (1993:234) 14
McNeill (1988:44) 11
FagerandGraves(1993:27) 9

continuedon next page



continuedfrom previouspage

Source
Carson(1999:AppendixD)

Miller (1993:113-137)
DunnandSpearn(1998:D-1)
Athens(1983:40)

Headetal. (1994a:24)
O’HareandGoodfellav (1994:73)
Hammattetal. (1987b:58)
Berdyetal. (2001:41)

Headetal. (1996:52)

Headetal. (1994b:46)
KennedyandDenham(1992c:16)
Winieskietal. (2002:200)
ElmoreandKennedy(2001c:A-7)
Dye andMurakami(1998:43)
ElmoreandKennedy(2000b:39)
Mooreetal. (1993:79)
Hommon(1979:17)
HeadandRosendah{1996:34)
BorthwickandHammatt(2001:68)
SinotoandTitchenal(2002:61)
HeadandRosendah{1995:41)
WulzenandWolforth (1997:20)
MooreandKennedy(2003:A-2)
Eblé etal. (1995:10-13)

Clark andRiford (1986:88—-94)

DenhamandPantaleo(1997a:AppendiB)
Estioko-Griffin andLovelace(1980:133-137)

Weight (g)

X %X X X X X AP PP PRPRNNNNWWWWEDOD NN ®O©

* Long table(s)without totals,weightsnot tallied.
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76 F UNIDENTIFIED FISHREPORED AS WEIGHTS

F Unidentified Fish Reported as Weightsin Archaeo-
logical Reports from Hawai'i

Source Weight (g)
Rosendahétal. (1987:\438) 6132
Hammatt(1979b:46) 1458
YentandOta(1983:57,59,61) 1436
HammattandFolk 1l (1981:179) 1029
Corbin(2000b:67) 623
Hammattetal. (1994a:46-48) 516
Rosendah(1973) 508
Athens(1991:67) 475
Walker andRosendah{1992:97) 447
Tuggle(1993:210) 424
HammattandCraddock(1992:136) 407
HammattandToenjeq1991:118) 348
Yent(1991:36) 332
Riford (1984:16) 292
Hammatt(1989:22 28) 269
Sinoto(1978:5152) 228
Walker andRosendah{1988:170-181) 221
HammattandMeeler (1979:38) 219
HammattandShideler(1992:40) 217
Hammattetal. (1992:98-99) 214
Spean(1993:36) 196
YentandEstiolo-Griffin (1980:517-519) 157
Hammattetal. (1985a:120) 128
Hammattetal. (1994b:160) 126
O’HareandWolforth (1998:Sectior?) 122
Ladefoged1990:161) 107
Frederickseretal. (1998:136) 93
Beardslg andKaschlo (1998:4546) 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 etal. (1985:119) 39
Hammatt(1979c:42) 33
Walker etal. (1988:105-108) 32
Major etal. (1995:72) 30
Hammattetal. (1984:98-99) 29
Haun(1978:69) 27
FredericksermndFrederickserf1995:41) 26
FrederickserandFrederickserf2001a:55) 25
Hammattetal. (1978:93) 22
Hammatt(1991a:5658) 21
Barretal. (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.
continuedon next page



continuedfrom previous page

Source Weight (g)
Mastersoretal. (1997:AppendixX|IB) 16
Perzinskietal. (2001:37) 15
ColinandHammatt(2003:51-53) 15
Pantalecetal. (1992:100-102) 14
Frederickseretal. (1993a:18) 13

AndersomandSchilz(1998:63)

Firor andRosendah(1994:43)
Connollylll (1980:57)
McDermottandHammatt(2000:AppendixA)
Ziegler (1990:104)

CleghornandCox (1976:31)
FredericksermndFrederickserf2000c:15)
Gravesetal. (1998:33)
FredericksermndFrederickserf2002h:88)
CordyandAthens(1985:45)
HurstandAllen (1992)
FredericksermndFrederickserf2000b:82)
Hammattetal. (1996:33,34)
HammattandShideler(1989:31)
FredericksermandFrederickser{1992:19)
Spear(1996:4155,99)
FrederickserandFrederickserf2001b:57)
Hammattetal. (1985c¢:60)

Hammattetal. (1986b:75)
MclIntoshandCleghorn(2000:60)
Cox(1976:69)

SchilzandAllen (1996:88)
ColinandHammatt(1997:10)
Watanab&1986:n.p.)

Hammattetal. (1986c¢:64)

Dye (1977b:25)
CarlsonandRosendah(1990c:27)
Colinetal. (1996:126)

Latinisetal. (1997a:65)

Perzinskietal. (2002:225)
Frederickseretal. (1993b:12)

Davis (1989:72)
MclIntoshandPantaleo(1998:94)
Donham(1990d:39)
ElmoreandKennedy(1999:19)
MooreandKennedy(1994b:A3)
Rechtmaretal. (2002a:2130)
Hammattandlda (1992:32)
FredericksermndFrederickserf2000d:44)
Hammattetal. (1993:36)
ElmoreandKennedy(2001a:19)
SpearandBurgett(1999:AppendixB)
Weisler(1989:46)
McDermottandHammatt(1997:25-27)
Denhametal. (1992a:25)

Borthwick etal. (1994a:44)
HaunandHenry(2000:30,38)
Barrera(1995a:12)
CarlsonandRosendah(1990a:13)

X X X AP P PR R PRRRPRPRPRRRRNRNNNNNNRNRNNNNNNOOWOWWRMRNMNRMRNAITODDOD O OO N O ©

* Longtable(s)without totals,weightsnot tallied.
continuedon next page
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F UNIDENTIFIED FISHREPORED AS WEIGHTS

continuedfrom previouspage

Source Weight (g)
Rechtmar(2000b:21)
FredericksermandFrederickserf1996:18)
O’HareandRosendah(1993:46)

Kaschlo (1991:45)

Walker andGoodfellav (1991:13)
DunnandRosendah{1993:14)

Zulick etal. (2000:171)

Perzinskietal. (2000b:29)

Athens(1988)

Rechtmaretal. (2002b:229249,308,315,329)
Sinoto(1976:Appendix)

X X X X X X X X X %X %

* Long table(s)without totals,weightsnot tallied.
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G Unidentified Fish ReportedasNISP in Archaeologi-
cal Reports from Hawali‘i

Source NISP  Comment

Tomonari-Tggleetal. (2000:74) 8000

Hammattetal. (1994a:B-10) 4876

Davis (1995:483) 3093 Fishidentificationsin Barnettms. atBPBM
LeboandMcGuirt (2000b:8393,125,147) 1983

Kikuchi (1963:25ap) 93

Dyeetal. (2002a:4350) 70

Perzinskietal. (2000a:109) 24

Major andKlieger (1996:76) 8

Barrera(1993:6)

Hammattetal. (1985d:98)
Tomonari-TggleandTuggle(1984:1-9a)
CarlsonandRosendah{1990b:13)

P wo N




80 H TURTLE LISTED AND REPORED AS WEIGHTS

H Turtle Listed and Reported as Weightsin Archaeo-
logical Reports from Hawai'i

Source Weight (g)
DenhamandKennedy(1993:23-38) 78
Kennedyetal. (1994:C2-C5) 53
Goto(1986:419) 43
Folk andHammatt(1991:61) 23
Goodwinetal. (1996:104) 16
Hammatt(1979a:70) 15
FrederickserandFrederickserf1995:41) 13
ElmoreandKennedy(2001c:A-7) 10
Clark (1987:77) 6

ElmoreandKennedy(2002:AppendixB) 6
Walker etal. (1996:90) 2
Hammattetal. (2000b:155) 1
Henryetal. (1992:19) 1
McDermottetal. (1993:234) 1




81

| Turtle Listed and Reported as NISP in Archaeologi-
cal Reports from Hawali‘i

Source NISP
Ziegler (2000:5.17-5.30) 212
Hartzell (1997b:135) 154
RosendahéndCarter(1988:76) 92
Goodwinetal. (1996:103) 37
Ziegler (1990:7) 19
Rosendah({1999a:4950) 11
Putzietal. (1998:108) 5
LeboandMcGuirt (2000b:93) 4

Kirch (1979:46) 2




82 J SHELLFISHFROM AMERICAN SAMOA

J Shellfish Identified in ArchaeologicalReports from
American Samoa

Source Weight (g)
Nagaoka1993:190) 168658
Cleghornetal. (2000:37) 18784
Eisler(1995:80) 5488
Herdrichetal. (1996:65) 2514
MooreandKennedy(1996a:47) 81
McGertyetal. (2002:31) 48
MooreandKennedy(1996b:64) 41
MooreandKennedy(1999:68) 39

ShapiroandCleghorn(1999:62) 22
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Glossary

ahupua‘a Traditional Hawaiian land division usually extendingfrom the uplandsto
thesea.

akule Hawaiiannamefor thefinfish, bigeye scad,SelarcrumenophthalmugCarangi-
dae).

atule Samoamamefor the finfish, bigeye scad,Selar crumenophthalmuéCarangi-
dae).

ciguatera A form of poisoningsufferedby consumerf fish with sizableamounts
of ciguatoxins,which are producedby dinoflagellatesand tendto increasein
concentratiorasthey aretransmittedup thefood chainsof coralreefecosystems.

diachronic Of, or relatingto, or dealingwith phenomenasthey occuror changeover
aperiodof time.

ENSO EI Niflo—Souther®Oscillation A cyclic climate phenomenonvith strongef-
fectson climatic andoceanicconditionsin the Pacific, includingrain, winds,sea
surfacetemperatureandsealevel, on the scaleof yearsto decades.

fishing effort The rate at which fishing pressureis exertedon a stock—epressed,
for example,in termsof fishing-geatunits per unit of time (e.g.,boat-dayper
year). Fishingeffort and fishing mortality are relatedthroughthe coeficient,
catchability a measuref the efficiency of the fishing-geatunit.

fishing mortality The rateat which fish areremoved from a populationor stock by
fishing—epressedfor example,asa proportionof the populationor stockper
unittime, or typically, asaninstantaneougate,in unitsof peryear

kapu Taboo,prohibition; specialprivilege or exemptionfrom ordinarytaboo;sacred-
ness;prohibited,forbidden;sacredholy, consecratedyo trespassingkeepout.

konohiki Headmanof anahupua‘alanddivisionunderthechief;landor fishingrights
undercontrol of the konohiki suchrights aresometimesalledkonohikirights.
Seealsoahupua‘a

law of supermosition In a seriesof layersand interfacial features,as originally cre-
ated, the upperunits of stratificationare youngerand the lower are older, for
eachmusthave beendepositecbn, or createdby the removal or, a pre-&isting
massof archaeologicastratification.

MNI  minimumnumberof individuals Minimum numberof individuals. The smallest
numberof individualsnecessaryo accountfor all of the skeletalelementsf a
taxonin afaunalcollection.
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NISP numberofidentifiedspecimensNumberof identifiedspecimensThetotalnum-

ber of identified fragmentsof ary part of the anatomyof a taxonin a faunal
collection.

‘opelu Hawaiiannamefor thefinfish,maclerelscad Decapterusnacaellus(Carangi-
dae).

palolo Samoamamefor the marinepolychaetevorm, Eunicesp. (PolychaetaEuni-
cidae).

stratigraphic sequenceThe stratigraphicsequencés the order of the depositionof
layersandthecreationof featureinterfaceson anarchaeologicasitethroughthe
courseof time. On mary sitesthesesequenceare multilinear, dueto separate

areasof developmenthatmay have takenplace,e.g.in the differentroomsof a
building.

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

tautai Fishingspecialist.
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