


Invadersaredifficult to detectin earlystagesof establishmentanddifficult to control once
firmly established,hencepreventionis typicallythepreferredmanagementstrategy[14±16].
Screeningimportsfor potentiallyharmfulnonindigenousorganismsisanimportant compo-
nentof thesafeguardingcontinuum.Currentscreeningpracticesinvolveexaminingasampleof
approximately2percentof eachshipment,adjustedaccordingto perceivedrisk andworkload
[17]. Adjustingsamplingeffort usingquantitativerisk assessmentshasbeenshownto beboth
possibleandcosteffectivebyprovidingmoreconsistentrisk management,makingbetteruseof
availableresources,andreducingincentivesto circumventphytosanitarysafeguards[18±20].

Keycomponentsof anyrisk assessmentusedto setscreeningstrategyaremeasuresof prop-
agulepressuresuchaspropagulefrequencyandsize(thenumberof arrivalsof nonindigenous
pestspecies,andthenumberof organismsin eacharrival).While estimationof propagule
pressurewasthoughtfor manyyearsto betoo subjectto error dueto thebaserateeffectto be
reliablefor devisingguidesfor decisionmaking(seefor example[21]), recentwork hasshown
measuresof propagulepressureto beamongthebestpredictorsof invasionpotential[5,22±
27].Datafrom theAustralianornamentalplant tradeindicatethatestimatesof risk factorsÐ
includingpropagulepressureÐmeasuredwith currentaccuracyratescanbeusedto devise
screeningstrategiesthatgeneratepositivenetbenefitsin termsof avoideddamagefrom inva-
sivenonindigenousspeciesrelativeto foregonetradevalue[18].

Mostempiricalstudieslinking invasionrisk andpropagulepressurerelatethepresenceof
alienspeciesto indirect measuresof propagulepressuresuchashistorictradepatterns[9,18,24]
Theinferencesdrawnfrom suchanalysesaresuggestivebut not definitive.Manufacturedcom-
moditiesonly provideindirect pathwaysfor invasionviapackagingor hitchhiking in containers
or transport.In contrast,tradein agriculturalcommoditiesservesasadirectpathwayandphy-
tosanitarymeasuresoftenfocuson thesecommodities.Thispaperemploysdatathatmeasure
propagulepressuredirectlyusingrecordsfrom surveillancescreeningof fruit andvegetable
importsby theAnimal andPlantHealthInspectionServiceof theUSDepartmentof Agricul-
ture (APHIS).Thedatacovernearlyall freshfruit andvegetableimportsto theU.S.overthe10
yearperiodfrom 2005±2014;approximately2.8million individual shipmentscomprising139
differentfruit andvegetablecommoditiesimportedfrom 64differentcountries/regions;atotal
of 2,240commodity/regioncombinationswith at leastoneshipment.Theyrecordwhetheror
not anactionablepestwasdetectedin eachindividual shipmentandthusgiveadirectmeasure
of patternsof potentialpestarrivalsviatheagriculturalcommoditypathway.

Weusealogit modelto estimatethepredictedprobabilityof arrivalof apotentialpestasa
functionof commodity,country/regionof origin, season,port of entry,tariff statusandshipment
volume.Wethenestimatetheannualnumberof shipmentsexpectedto containat leastone
actionableorganismbythesesamecharacteristicsasameasureof thenumberof arriving propa-
gules.Upperandlowerboundsof 95percentconfidenceintervalsfor theseestimatesarecalcu-
latedusingthedeltamethod.Thestatisticalmodelderivesits powerfrom thelikelihoodof pest
interceptionsthatarecommodityspecificacrossregions,reflectingpest-hostrelationships,or
regionspecificacrosscommodities,reflectingphytosanitarymeasuresandothercountryspecific
characteristics.It doesnot modelcharacteristicsthatareuniqueto aspecificcommodity-region
pair.Weusethemodelto identify targetsfor enhancedsurveillancescrutinyandfor technical
assistanceto helpexportersandforeigngovernmentsimprovephytosanitaryperformance.

Materials and methods

Data

Weuseinspectiondatamaintainedby theAnimal andPlantHealthInspectionServiceof the
USDepartmentof Agriculture(APHIS)to estimatemeasuresof thefrequencyof potential
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pestarrivalsto theUSthroughtradein fruits andvegetables.Thedata,recordedon APHIS/
PPQForms264and280,encompassthevastmajority of freshfruit andvegetableimportsto
theU.S.overthe10federalfiscalyearsfrom 2005±2014.Theycontaininformation on 2,873,091
shipmentscomprising139differentfruit andvegetablecommoditiesimportedfrom 64differ-
entcountries/regions,correspondingto atotalof 2,240commodity/regioncombinationswith
at leastoneshipment.Of these,105,219shipmentswerepre-clearedandthusnot subjectto nor-
mal inspectionwhile396shipmentsof grapefruitand1shipmentof salmonberryhadno inter-
cepts.Wewereunableto classifycommoditiesfor 8,219shipments.Twoshipmentsidentified
asoriginatingin North Koreaweredropped.Thirteenobservationsweremissingthequantity
of thecommodityimportedand17observationsweremissingtheport of entry.Thesample
sizefor our analysisconsistsof theremaining2,759,224inspectedshipments(96%of all ship-
mentsenteringtheUS).Actionableorganismsweredetectedin 90,649or 3.3%of those
shipments.

TheAPHIS280/264dataincludeadispositioncodethat indicatesshipmentsassociated
with anactionableorganism.APHISdetermineswhetherapestisactionablebasedon its nov-
eltyandknownprevalenceor distribution within andthroughouttheUnited States;its poten-
tial harmto U.S.agricultural,environmental,or otherresources;andtheneedto mitigateits
pestrisk [28]. Manypestinterceptsarenot identifiedto thespecieslevelandprecautionary
actionmayberequiredif anorganismis identifiedasbelongingto agenusor family that
includesaregulatedpest.Thedatado not distinguishbetweenactionsassociatedwith regu-
latedpestsandprecautionaryactions.A potentialpestarrival isdefinedasthedetectionin a
shipmentof at leastoneactionableorganismsufficientto triggeraction(e.g.,treatmentor
refusalof entry).Sinceinspectionmayceasewhenanactionableorganismis found,thedata
provideameasureof propagulefrequencybut not necessarilypropagulesize[29].

TheAPHIS280/264dataalsoincludethedateof entry,theport of entry,thenameandtype
of commodity,theshipment'scountryof origin, thequantityof thecommoditycontainedin
theshipmentandwhetherthecommoditywaspre-clearedin thecountryof origin (e.g.,grapes
in Chile)or inspectedat reducedratesundertheNationalAgriculturalReleaseProgram
(NARP)or its predecessor,theBorderCargoReleaseprogram.Someshipmentsenteringunder
pre-clearanceor NARPandsomepre-treatedshipmentsareinspectedto ensureongoingcom-
pliancewith thetermsof thoseprograms.Ferrier[30] containsamoredetaileddescription.

Weaggregatedcommoditiesinto groupsthatcorrespondto categoriesidentifiedby the
HarmonizedTariff Scheduleof theUnited States(HTS).Wecreatedaconcordancebetween
thecommoditynamesoccurringin theAPHIS280/264dataandcategoriesoccurringin the
HTSfor eachyearof thesampleperiod.Weusedthatconcordanceto mergetheAPHIS280/
264datawith thetariff scheduledatafor eachyearat the8-digit HTScodelevelassociated
with uniquetariff ratelines.Wethentruncatedthe8-digit HTScodesto the6 digit Interna-
tional HarmonizedCommodityDescriptionandCodingSystemfor anumberof commodities
with low interceptratesto avoidlosingdatafor 8-digit tariff lineswith fewor no actionable
pestdetections.Groupsof commoditiesaggregatedat the6-digit HTScodelevelincluded:
freshblackbeans,lentils,andotherlegumes;chicory,endive,escarole,andradicchio;currants,
gooseberries,andtamarinds;tropicalandChinesefruits; collards,kohlrabi,andrape;nuts;
cinnamon,nutmeg,turmeric,andotherspices;andfennel,palmhearts,ginseng,horseradish,
andvariousleaves.

Overthe10yearperiodof thedata,theU.S.importedfruits andvegetablesfrom 130differ-
entcountries.Foreachcountryof origin wedistinguishtwo growingseasons:summer(May
throughOctoberin theNorthern HemisphereandNovemberthroughApril in theSouthern
Hemisphere)andwinter (NovemberthroughApril in theNorthern HemisphereandMay
throughOctoberin theSouthernHemisphere).Theprevalenceof potentiallyharmful
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nonindigenousorganismsin exportingcountriesandthusinfestationratesin import ship-
mentsisexpectedto begreaterin summerthanwinter.Seventy-twocountriesof origin aver-
agedfewerthan10shipmentsperyearor hadonly 1or 0 interceptsovertheentire10year
periodof thesample.Theseminor tradingpartnersweregroupedbygeographicproximity
into 6secondaryregions:Africa secondary(15countries),Caribbeansecondary(6 countries),
Europesecondary(22countries),Middle Eastsecondary(5 countries),SEAsiasecondary(21
countries)andSouthAmericasecondary(3 countries).Thisprocedurecondensedthenumber
of countriesto 64country/regionsof origin. Portsof entrywereaggregatedinto 5 regions.All
elseequal,weexpectthat inspectionof import cargoesÐandthusdetectionof harmfulnonin-
digenousorganismsÐisgreaterin regionsof entry in whichpotentialdamagefrom invasive
pestintroductionsisgreater.

Statistical analysis

Weusealogit modelto estimatethepredictedprobabilityof arrivalof apotentialpestasa
function of commodity,country/regionof origin, season,port of entry,tariff statusandship-
mentvolume.Wethenestimatetheannualnumberof shipmentsexpectedto containat least
oneactionableorganismby thesesamecharacteristics.Thisprovidesameasureof thenumber
of arriving propagules.Upperandlowerboundsof 95percentconfidenceintervalsfor these
estimatesarecalculatedusingthedeltamethod.Weusethemodelto identify targetsfor
enhancedsurveillancescrutinyandfor technicalassistanceto helpexportersandforeigngov-
ernmentsimprovephytosanitaryperformance.Theconsiderationsdiscussedabovesuggest
that theprobabilitythatat leastoneactionablepestisdetectedin shipmentj, ϕj, conditionalon
thecharacteristicsof theshipment,shouldbespecifiedas:

�j ¼ Lða0 þ
X

n
a1nCommodity Typejn þ

X

n
a2mOriginjm þ

X

t
a4tSeasonjt þ

X

r
a5rPortjr

þ a6Shipment Volumej þ ujÞ

whereuj representsunobservedfactorsinfluencingthepresenceof oneor moreactionable
pests.Thisstatisticalmodelderivesits powerfrom thelikelihoodof pestinterceptionsthatare
commodityspecificacrossregions,reflectingpest-hostrelationships,or regionspecificacross
commodities,reflectingphytosanitarymeasuresandothercountryspecificcharacteristics.It
doesnot modelcharacteristicsthatareuniqueto aspecificcommodity-regionpair.

Theestimatedcoefficientsof thelogit modelareusedto calculatepredictedprobabilitiesthata
potentialpestwouldbedetectedfor everyobservationin our dataset.Theaverageoverall observa-
tionscontainingthecommodityor regionfrom whichthatcommodityhasbeenimportedprovides
anestimateof theprobabilityof apotentialpestdetectionfor eachcommodity/regioncombination.
Probabilitiesof arrivalbycommodityandbyregionof origin arederivedin thesamemanner.Con-
fidenceintervalsareestimatedusingthedeltamethod.Theratio of thepredictedprobabilityof an
interceptto theoverallsampleaverageisusedasameasureof therelativelikelihoodof potential
pestarrivalfor eachcommodity/regioncombination.

Estimatedcoefficientsof thelogit modelaregivenin theS1Tableof theSupportingInfor-
mation.An estimateof propagulefrequencyor thescaleof potentialpestarrivalsisobtained
bymultiplying theestimatedprobabilitiesby theaverageannualnumberof shipmentsof each
commodityfrom eachregionof origin during eachseasonenteringeachregionof entryover
our sampleperiod.TheS2andS3Tablesof theSupportingInformation report theestimated
probabilitiesthatasingleshipmentcontainsapotentialpestandthepredictedannualnumber
of shipmentscontainingpotentialpestsfor all commodities(aggregatedacrossregionsof
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origin, productionseasons,tariff statusandportsof entry)andregionsof origin (aggregated
acrosscommodities,portsof entry,productionseasonsandtariff status),respectively.

Results

Fig1 depictsthepredictedprobabilitiesthatat leastoneactionableorganismis interceptedin
ashipmentfor thetop 40commodity/regionof origin combinationsenteringtheUSthathad
at least100shipmentsoverthe10yearsin our sample(i.e.,averagedat least10shipmentsper
year).Nineteenof thesecommodity/regionof origin combinationshavepredictedprobabili-
tiesof potentialpestarrival0.20or higher,morethansixtimesthesampleaverageof 0.033.All

Fig 1. Estimated probability of pest arrivals by commodity/country of origin combination. Estimated probabilityof at leastonepotential pest
arriving in ashipmentfor thetop 40commodity/country of origin combinationswith at least100shipmentsover10years.

https://doi.org/10.1371/journal.pone.0192280.g001
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of thetop 40commodity/regioncombinationsenteringtheUShaveprobabilitiesof potential
pestarrivalof at least0.14whileanother31haveprobabilitiesof arrivalbetween0.10and0.14
(seeS2Tableof theSupplementaryInformation).

Probabilitiesof actionabledetectionsrelativeto theoverallsampleaveragebycommodity
andregionof origin aredepictedin Figs2 and3,respectively.Amongvegetables,squashes
(gourds,bitter melon,Chineseokra/luffa),asparagus,peppersandheadlettucehaverelative
probabilitiesat leasthalfagainaslargeastheoverallaverage.Numerousfreshherbs(falsecori-
ander,rosemary,mint leaves,thyme,basil,oregano,marjoram,dill) alsohavepredictedinter-
ceptratesat least50%greaterthantheoverallaverage.While somevegetablesalsoexhibithigh

Fig 2. Estimated relative probability of pest arrival by commodity. Estimatedprobabilityof at leastonepotentialpestarriving in ashipmentrelative
to theoverallsampleaveragefor thetop 40commodities.

https://doi.org/10.1371/journal.pone.0192280.g002
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predictedarrival rates,mostnotablywinter vegetablesfrom theWesternHemisphere(toma-
toesandlettucefrom CentralAmerica),vegetablesoverallaccountfor thebulk of thecom-
moditieswith thelowestprobabilitiesof potentialpestarrival (S2Table±Supplementary
Information).

Nigeria,variouscountriesin theMiddle EastandtheUnited Kingdomareshipmentorigins
with thehighestpredictedinterceptprobabilities,with averagesacrossall commodities,sea-
sonsandportsof entry5±17timestheoverall10-yearaverage(Fig3).Countriesin Southand
CentralAmerica,theCaribbean,in SoutheastAsia/Oceaniaandelsewherein Africa andthe
Middle Eastarethenextlargest,with averagesacrossall commodities,seasonsandportsof

Fig 3. Estimated relative probability of pest arrival by country of origin. Estimatedprobabilityof at leastonepotentialpestarriving in ashipment
from eachcountry/regionof origin relativeto theoverallsampleaverage.

https://doi.org/10.1371/journal.pone.0192280.g003
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entry2±5timestheoverall10-yearaverage.At theotherendof thespectrum,Canadaand
Chinaareverylow probabilitysourcesof potentialpestarrival,with averagesacrossall com-
modities,seasonsandportsof entry0.1±0.2timestheoverall10-yearaverage.

Thenumberof attemptedintroductionsisabettermeasureof propagulepressurethanthe
probabilityof arrival in anindividual shipment[5, 22±24].Theexpectedannualnumberof
shipmentswith apotentialpestdetectionisour secondfrequencymeasure.It providesanesti-
mateof thenumberof instancespropagulesareexpectedto arriveeachyearin shipmentsof a
givencommodityor from agivencountry/regionof origin. Freshherbsareassociatedwith the
highestexpectedpropagulearrival frequenciesby thismeasure:basil,mint, rosemary,thyme
andoreganoaccountfor anexpected410±820arrivalsof potentialpestsannuallywhilecilan-
tro, tarragon,falsecoriander,sage,marjoramanddill accountfor anadditional110±310
expectedannualarrivals(Fig4).Somevegetableswith highpredictedinterceptprobabilities
alsoexhibitveryhighpredictedpropagulearrival frequencies:chili peppers,asparagus,and
squashes(bitter melon,bottlegourd,Chineseokra/luffa)accountfor expectedpestarrivalson
theorderof 90±340annually.At thesametime,somevegetableswith moderateintercept
probabilitiesexertsubstantialpropagulepressuredueto largenumbersof shipments.For
example,greenonions,tomatoes,greenbeanseggplants,cabbageandcorn havepredicted
interceptratesbelowtheoverallsampleaveragebut accountfor 70±135expectedactionable
pestarrivalsannually.

Fig 4. Expected annual invasive pest arrivals, top 40 commodities.

https://doi.org/10.1371/journal.pone.0192280.g004
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Asthepredominantsourceof fruit andvegetableimportsto theU.S.,theNewWorld is the
largestsourceof expectedarrivalsof potentialpests(Fig5).Mexicoaloneaccountsfor 2,400
expectedactionableshipmentsannuallywhileColombiaaccountsfor almost2,000.Tenexport-
ing countriesareassociatedwith 100or moreexpectedannualarrivalsof potentialpests.Seven
arelocatedin SouthAmerica,CentralAmericaandtheCaribbean;Israel,thePalestinianTerri-
toriesandtheNetherlandsmakeup theremainder.On theotherendof thespectrum,Canada,
Japan,India,Turkey,Taiwan,mostcountriesin Europeandsmallerexportersin SouthAmer-
ica,theCaribbeanandSoutheastAsiaaccountfor lessthan5expectedactionablepestarrivals

Fig 5. Geographic distribution of expected annual pest arrivals.

https://doi.org/10.1371/journal.pone.0192280.g005

Invasive pest arrivals in fruits and vegetables

PLOS ONE | https://doi.org/10.1371/journal.pone.0192280 February 16, 2018 9 / 16

https://doi.org/10.1371/journal.pone.0192280.g005
https://doi.org/10.1371/journal.pone.0192280


annually,whileNigeria,Australia,El Salvador,SouthKoreaandThailandaccountfor lessthan
10peryear.

Thehighexpectednumbersof annualpropagulearrivalsin fruit andvegetableimportsfrom
countrieslike Colombia,CostaRica,theDominicanRepublic,Guatemala,theNetherlandsand
Israelarisefrom acombinationof higherthanaveragepredictedinterceptratesandalarge
numberof shipments,aseachcountryaccountsfor 4±8%of thetotalnumberof observationsin
our sample(Fig3).Mexico'sdominanceasatradingpartnerfor fruits andvegetablesisapri-
maryreasonwhyit isoneof thehighestsourcesof actionablepestdetections.Theoverallinter-
ceptprobabilityfrom asingleshipmentfrom Mexicois low (averagedacrosscommodities,
seasonsandportsof entry),but thenumberof shipmentsof freshfruits andvegetablesis
extremelylargeÐoverhalf theobservationsin thedatacomefrom Mexico.TheNetherlandsisa
keytransshipmenthubthatconnectsglobalmarketsandimports labeledasoriginatingin the
Netherlandsoftenoriginatein othercountries.For theUnited KingdomandmanyAfrican
countries,thepredictedprobabilityof aninterceptassociatedwith eachshipmentis relatively
highbut thenumberof shipmentsissosmall(lessthanhalfapercentof thetotalnumberof
observations)that theestimatedpropagulefrequenciesfrom thosecountriesisquitelow.

Discussion

Overthepastdecade,importsof fruits andvegetablesinto theUShavegrownrapidly,sothat
theUSisnowanet importer [31]. Importscomeprimarily from theWesternHemisphere
southof theUSborder(Fig6).TheUShasfreetradeagreementswith MexicoandCanada
(theNorth AmericanFreeTradeAgreement),CentralAmerica(theCentralAmericanFree
TradeAgreement),Chile,andPeru.Fruit andvegetableimports from otherSouthAmerican
countrieslike ArgentinaandBrazilhavebeengrowingaswellandtheUSgrantspreferential
accessto importsof manycommoditiesfrom theCaribbeanundertheCaribbeanBasin
Initiative.

CanadaandMexicoareof specialinterestfrom apolicyperspectivebecauseUSgrowers
haveoftencitedtherisk of pestinvasionsareasonfor continuingto upholdtradebarrierswith
thesecountries.Wefind mixedevidencefor thiscontention.Theprobabilityof encountering
anactionablepestin ashipmentfrom Canadaisextremelylow,about0.002;theannualnum-
berof predictedarrivalsis lessthan5,sothatCanadaaccountsfor anegligibleshareof ship-
mentscontainingpotentiallyinvasivepests.Wefind thatMexicanshipmentsareabouthalfas
likely astheaverageshipmentto haveanactionableintercept(0.016versus0.033),but the
expectedpropagulefrequencyfrom MexicoisneverthelessquitehighbecauseMexico
accountsfor overhalfof all shipments.Our modelpredictsthatMexicoaccountsfor 27per-
centof theannualaverageof 9,065fruit andvegetableimport shipmentscontainingactionable
organisms.

AmongCentralandSouthAmericancountries,ColombiaandCostaRica,theDominican
Republic,PeruandGuatemalaarethesourcesof thelargestnumbersof expectedannualpest
arrivalsafterMexico(Fig5).Chile,Argentina,andBrazilalsoaccountfor largenumbersof
invasivepestarrivals.Overall,CentralandSouthAmericancountriesaccountfor aboutafifth
of currentfruit andvegetableshipmentsandalmosttwo-fifthsof expectedannualpestarrivals.
TheCaribbeanhasapredictedinterceptprobabilityequalto theoverallaverageof 0.033;its
frequencyof invasivepestarrivals(10percentof thetotalannualnumberof predictedarrivals)
is thusproportionalto its largeshareof fruit andvegetableimport shipments(9.5percentof
thetotal).

Our analysishelpsto quantifyhowmuchtheexpansionof tradein fruits andvegetables
ensuingfrom thesetradeliberalizationagreementshasraisedUSexposureto invasionsof
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potentiallyharmfulnonindigenousspecies.Fruit andvegetableimports from Centraland
SouthAmericahaverelativelyhigh frequenciesof actionablepestarrivals,asdo importsof
manycommonfruits andwinter vegetablesfrom Mexico.Pestinterceptsfrom Centraland
SouthAmericahavegrownatafasterratethanfruit andvegetableimports(Fig6).Further
tradeliberalizationwithin theWesternHemisphereis thuslikely to heightenchallengesto the
enforcementof USphytosanitarystandards.

Wefind averylow incidenceof potentiallyinvasivepestsin fruit andvegetableexports
from Chinato theUS:Thepredictedprobabilityof apestarrival is0.007andthepredicted
annualnumberof shipmentscontainingactionableorganismsisonly 20.In contrast,Middle

Fig 6. Fruit and vegetable imports: Total and actionable shipments, 2005–2014.

https://doi.org/10.1371/journal.pone.0192280.g006
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Easterncountrieshavehighpredictedprobabilitiesof actionablepestdetections(Fig3),which
is likely dueto highbackgroundpestinfestationratescoupledwith poorsanitationpractices.
Thevolumeof imports issosmall,though,that thepredictednumberof potentialpestarrivals
isverylow.Our modelindicatesthatanyexpansionof tradewith this regionis likely to result
in anincreasein propagulepressure.

Increasesin propagulepressureassociatedwith thegrowthof importscanstrainthecapacity
of acountry'sphytosanitarysystemandthusheightentheimportanceof directingresources
towardthegreatestthreats.Our modelhelpsidentify thosethreats.Fig7depictsthedifference

Fig 7. Growth rates of actionable pest detections and shipments.

https://doi.org/10.1371/journal.pone.0192280.g007
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in thegrowthratesof actionablepestdetectionsandshipmentsfor the40commodity/country
combinationswith thegreatestexpectednumberof annualarrivals.Growth in actionablepest
arrivalsin herbsfrom Colombia,CostaRica,andthePalestinianTerritories;blackberriesfrom
Guatemala;andsquashes(bitter melon,luffa) from theDominicanRepublicall outstripped
growthin shipments,indicatingsubstantialgrowthin arrivalspershipmentandthusworsening
of phytosanitarystatus.On theothersideof thespectrum,nativeMexicanvegetables(prickly
pearpads,huazontle)andcommoditieslike greenonionsandcilantro from Mexicohadgrowth
ratesin arrivalsbelowgrowthratesin shipments,indicatingreductionsin arrivalspershipment
andthusimprovementsin phytosanitarystatus.Commoditieslike limesfrom Mexico,basil
from CostaRica,andgreenbeansfrom Guatemalahadnegativegrowthratesin arrivalsthat
morethanoffsetgrowthin shipments.

Comparisonof growthratesof actionablepestdetectionsandshipmentsfor thetop 40
commodity/countryof origin combinationswith thegreatestexpectednumberof annual
actionablepestarrivals.

Two complementarycoursesof actioncanbetakenin caseswherearrivalsincreasefaster
thanshipments:(1) provisionof technicalassistanceto exportersand(2) greatertargetingof
inspections.

First,APHIScananddoesprovidetechnicalassistanceto exportersandexportingcountry
governmentsto helpdevelopandimplementprotocolsthat reduceactionablepestpresence.
APHISmaintainsofficesworldwidewith staffworking with foreigngovernmentofficialsto
resolvesanitaryandphytosanitaryissuesandwith industrytradegroupsandexportingfirms
directlyto helpthemmeetUSstandardsfor invasivepests(aswellasothersanitaryandphyto-
sanitaryrequirements).Thereareofficesin mostCentralandSouthAmericancountriesas
wellasthroughoutMexico;thereareoffices.TheAPHISInternationalTechnicalandRegula-
tory CapacityBuildingCenter,createdin 2007,offersprogramsto helpexportingcountries
improvetheir performancein meetingUSsanitaryandphytosanitaryregulations.In the
Caribbean,APHISalsoworkswith tradingpartnerson implementingtheCaribbeanRegional
InvasiveSpeciesInterventionStrategyin orderto reduceinter-countrymovementsof invasive
pestsin theregion.Our estimatescanbeusedto setpriorities for technicalassistanceto
exportersandcapacitybuilding for exportingcountrygovernmentsby identifyingthecom-
moditiesandcountriesor origin in bothgreatestandleastneedof technicalassistance.

Second,APHIScananddoesperformenhancedscreeningof importswith worseningphy-
tosanitarystatusasaprecautionagainstgreaterentryrates.Analyseslike thatconductedin
thispapercanfacilitatecosteffectivetargetingaswellasreallocationof resourcesfrom low to
highneed.Our analysisidentifiesthepathwaysof greatestphytosanitaryconcern.It provides
quantitativeassessmentsof arrivalprobabilitiesthatcanbeusedfor initial targetingof
enhancedinspectioneffortasuggestedin theliterature[18±20].Our estimatescanalsoserve
aspriors for updatingestimatesof arrivalprobabilities,thusmakingit possibleto improverisk
management,makebetteruseof availableresources,andreduceincentivesto circumventphy-
tosanitarysafeguardsby learningfrom experiencewith futureshipments.
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