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Invadersaredifficult to detectin earlystage®f establishmenanddifficult to control once
firmly establishechencepreventionis typicallythe preferredmanagemenstrategy[14+16].
Screeningmportsfor potentiallyharmful nonindigenousorganismss animportant compo-
nent of the safeguardingontinuum. Current screeningpracticesnvolveexamininga sampleof
approximatel\2 percentof eachshipment,adjustedaccordingto perceivedisk andworkload
[17]. Adjusting samplingeffort usingquantitativerisk assessmentsasbeenshownto beboth
possibleand costeffectiveby providing more consistentisk managementnakingbetteruseof
availableesourcesandreducingincentivego circumventphytosanitarysafeguardgL8+20].

Keycomponentof anyrisk assessmernisedto setscreeningstrategyaremeasuresf prop-
agulepressuresuchaspropaguldrequencyandsize(the numberof arrivalsof nonindigenous
pestspeciesandthe numberof organismsn eacharrival). While estimationof propagule
pressuravasthoughtfor manyyeargo betoo subjecto error dueto the baserateeffectto be
reliablefor devisingguidesfor decisionmaking (seefor examplg21]), recentwork hasshown
measuresf propagulepressurdo beamongthe bestpredictorsof invasionpotential[5,22+
27].Datafrom the Australianornamentalplanttradeindicatethat estimate®f risk factorsb
including propagulepressurebmeasuredith currentaccuracyatescanbeusedto devise
screeningstrategieshat generatgpositivenetbenefitsin termsof avoideddamagdrom inva-
sivenonindigenousspecieselativeto foregonetradevalue[18].

Mostempiricalstudiedinking invasionrisk and propagulepressuraelatethe presencef
alienspecieso indirect measuresf propagulepressuresuchashistoric tradepatterns[9,18,24]
Theinferencegirawnfrom suchanalysearesuggestiveut not definitive. Manufacturedcom-
moditiesonly provideindirect pathwaydor invasionvia packagingor hitchhiking in containers
or transport.In contrasttradein agriculturalcommoditiesservessadirect pathwayandphy-
tosanitarymeasuresftenfocuson thesecommaodities This paperemploysdatathat measure
propagulepressuralirectly usingrecordsfrom surveillancescreeningf fruit andvegetable
imports by the Animal and PlantHealthInspectionServiceof the US Departmentof Agricul-
ture (APHIS). Thedatacovernearlyall freshfruit andvegetablémportsto the U.S.overthe 10
yearperiodfrom 2005+2014pproximately?2.8million individual shipmentscomprising139
differentfruit andvegetableommoditiesmportedfrom 64 differentcountries/regionsatotal
of 2,240commaodity/regioncombinationswith atleastoneshipment.Theyrecordwhetheror
not anactionablgpestwasdetectedn eachindividual shipmentandthusgiveadirectmeasure
of patternsof potentialpestarrivalsvia the agriculturalcommodity pathway.

We usealogit modelto estimatehe predictedprobability of arrival of apotentialpestasa
function of commaodity,country/regionof origin, seasorport of entry, tariff statusandshipment
volume.We then estimatehe annualnumberof shipmentsexpectedo containatleastone
actionableorganismby thesesamecharacteristicasameasuref the numberof arriving propa-
gulesUpperandlowerboundsof 95 percentconfidencantervalsfor theseestimatesrecalcu-
latedusingthe deltamethod.The statisticamodelderivests powerfrom the likelihood of pest
interceptionghat arecommaodityspecificacrossegionsreflectingpest-hostelationshipsor
regionspecificacrosssommoditiesyeflectingphytosanitaryneasuresindother country specific
characteristicdt doesnot modelcharacteristicthat areuniqueto aspecificcommodity-region
pair. We usethe modelto identify targetsfor enhancedurveillancescrutinyandfor technical
assistanc® helpexportersandforeigngovernmentsmprove phytosanitaryperformance.

Materials and methods
Data

We useinspectiondatamaintainedby the Animal and PlantHealthInspectionServiceof the
USDepartmentof Agriculture (APHIS)to estimatemeasuresf the frequencyof potential
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pestarrivalsto the USthroughtradein fruits andvegetableShedata,recordedon APHIS/
PPQForms264and280,encompasthe vastmajority of freshfruit andvegetablénportsto
theU.S.overthe 10federalffiscalyearsrom 2005+2014Theycontaininformation on 2,873,091
shipmentscomprising139differentfruit andvegetableommoditiesmportedfrom 64differ-
entcountries/regionscorrespondingo atotal of 2,240commaodity/regioncombinationswith
atleastoneshipment.Of these 105,21 %hipmentsverepre-clearecdandthusnot subjecto nor-
malinspectionwhile 396shipmentof grapefruitand 1 shipmentof salmonbernhadno inter-
ceptsWe wereunableto classiffcommoditiesfor 8,219shipmentsTwo shipmentsdentified
asoriginatingin North Koreaweredropped.Thirteenobservationsveremissingthe quantity
of the commaodityimported and 17 observationsveremissingthe port of entry. The sample
sizefor our analysisonsistf theremaining2,759,224nspectedshipmenty96%of all ship-
mentsenteringthe US).Actionableorganismsaveredetectedn 90,64%r 3.3%of those
shipments.

The APHIS 280/264dataincludeadispositioncodethat indicatesshipmentsassociated
with anactionableorganism APHIS determinesvhetherapestis actionablébasedn its nov-
eltyandknown prevalencer distribution within andthroughoutthe United Statesits poten-
tial harmto U.S.agricultural,environmental or otherresourcesandthe needto mitigateits
pestrisk [28]. Many pestinterceptsarenot identified to the speciesevelandprecautionary
actionmayberequiredif an organismis identified asbelongingto agenusor family that
includesaregulatecbest.Thedatado not distinguishbetweeractionsassociatewith regu-
latedpestsand precautionaryactions A potentialpestarrivalis definedasthe detectionin a
shipmentof atleastoneactionableorganismsufficientto triggeraction(e.g. treatmentor
refusalof entry). Sinceinspectionmay ceasevhenan actionableorganismis found, the data
provideameasuref propagulefrequencybut not necessarilpropagulesize[29].

The APHIS 280/264dataalsoincludethe dateof entry, the port of entry,the nameandtype
of commodity,the shipment'scountry of origin, the quantity of the commaodity containedin
the shipmentandwhetherthe commoditywaspre-clearedn the country of origin (e.g. grapes
in Chile) or inspectechtreducedratesunderthe National Agricultural Releas@rogram
(NARP)or its predecessothe BorderCargoReleasprogram.Someshipmentsenteringunder
pre-clearancer NARP andsomepre-treatedshipmentsareinspectedo ensureongoingcom-
pliancewith thetermsof thoseprogramsFerrier[30] containsamore detaileddescription.

We aggregatedommoditiesinto groupsthat correspondo categoriegdentified by the
HarmonizedTariff Schedul®f the United StategHTS). We createdaconcordancdetween
thecommaoditynamesoccurringin the APHIS 280/264dataand categorie®ccurringin the
HTSfor eachyearof the sampleperiod. We usedthat concordanceo mergethe APHIS 280/
264datawith thetariff schedulalatafor eachyearatthe 8-digit HTS codelevelassociated
with uniquetariff ratelines.We thentruncatedthe 8-digit HTS codedo the 6 digit Interna-
tional HarmonizedCommodity Descriptionand Coding Systenfor anumberof commaodities
with low interceptratesto avoidlosingdatafor 8-digit tariff lineswith fewor no actionable
pestdetectionsGroupsof commoditiesaggregatedtthe 6-digit HTS codelevelincluded:
freshblackbeansl|entils,and otherlegumeschicory,endive escaroleandradicchio;currants,
gooseberriemndtamarindstropicaland Chinesdtuits; collards kohlrabi,andrape;nuts;
cinnamon,nutmeg,turmeric, and other spicesandfennel,palmheartsginsenghorseradish,
andvariousleaves.

Overthe 10yearperiod of the data,the U.S.importedfruits andvegetableBom 130differ-
entcountries For eachcountry of origin wedistinguishtwo growingseasonsummer(May
through Octoberin the Northern HemisphereandNovemberthrough April in the Southern
Hemisphereandwinter (Novemberthrough April in the Northern Hemisphereand May
through Octoberin the SouthernHemisphere)The prevalencef potentiallyharmful
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nonindigenousorganismsn exportingcountriesandthusinfestationratesin import ship-
mentsis expectedo begreaterin summerthanwinter. Seventy-twaountriesof origin aver-
agedfewerthan 10shipmentsperyearor hadonly 1 or O interceptsoverthe entire 10year
periodof the sampleThesaminor trading partnersweregroupedby geographigroximity
into 6 secondaryegions:Africa secondary15countries),Caribbearsecondary6 countries),
Europesecondary22 countries) Middle Eastsecondary5 countries) SEAsiasecondary21
countries)and SouthAmericasecondary3 countries).This procedurecondensedhe number
of countriesto 64 country/regionsof origin. Portsof entry wereaggregatehto 5regions All
elseequal weexpecthatinspectionof import cargoesbandhusdetectionof harmful nonin-
digenousorganismsbisgreaterin regionsof entry in which potentialdamagdrom invasive
pestintroductionsis greater.

Statistical analysis

We usealogit modelto estimatethe predictedprobability of arrival of a potentialpestasa
function of commodity,country/regionof origin, seasonport of entry, tariff statusand ship-
mentvolume.We thenestimatehe annualnumberof shipmentsxpectedo containatleast
oneactionableorganismby thesesamecharacteristicsThis providesameasureof the number
of arriving propagulesUpperandlowerboundsof 95percentconfidencdntervalsfor these
estimatesirecalculatedisingthe deltamethod.We usethe modelto identify targetsfor
enhancedurveillancescrutinyandfor technicalassistancto helpexportersandforeigngov-
ernmentsmprove phytosanitaryperformanceThe considerationsliscusse@bovesuggest
thatthe probability that atleastoneactionablepestis detectedn shipmentj, ¢;, conditionalon
the characteristicsf the shipment,shouldbespecifiedas:

¢, = A(a, + ZnalnCOmmodity Type;, + ZﬂanOriginjm + Zta4tSeasonj[ + ZraMPortj,
+ agShipment Volume; + u;)

whereu; representsinobservedactorsinfluencingthe presencef oneor more actionable
pestsThis statisticainodelderivests powerfrom the likelihood of pestinterceptionsthat are
commodityspecificacrosgegions reflectingpest-hostelationshipspr regionspecificacross
commoditiesyeflectingphytosanitaryneasureand other country specificcharacteristicdt
doesnot modelcharacteristicghat areuniqueto aspecificcommaodity-regionpair.

Theestimatedoefficientof the logit modelareusedto calculatepredictedprobabilitiesthata
potentialpestwould bedetectedor everyobservatiorin our dataset.Theaverageverall observa-
tions containingthe commaodityor regionfrom which thatcommaodityhasbeenmported provides
an estimateof the probability of a potentialpestdetectionfor eachcommodity/regioncombination.
Probabilitiesof arrival by commodityand by regionof origin arederivedin the samemanner.Con-
fidenceintervalsareestimatedisingthe deltamethod.Theratio of the predictedprobability of an
interceptto the overallsampleaveragés usedasa measuref therelativelikelihood of potential
pestarrival for eachcommaodity/regioncombination.

Estimatedcoefficientf the logit modelaregivenin the S1Tableof the Supportinginfor-
mation. An estimateof propagulerequencyor the scaleof potentialpestarrivalsis obtained
by multiplying the estimatedorobabilitiesby the averagennualnumberof shipmentsof each
commodityfrom eachregionof origin during eachseasorenteringeachregionof entry over
our sampleperiod. The S2and S3Tablesof the Supportinginformation reportthe estimated
probabilitiesthat a singleshipmentcontainsa potentialpestandthe predictedannualnumber
of shipmentscontainingpotentialpestdor all commodities(aggregatedcrosgegionsof
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origin, production seasondariff statusand portsof entry) andregionsof origin (aggregated
acroscommodities portsof entry, production seasonandtariff status)respectively.

Results

Fig 1 depictsthe predictedprobabilitiesthat at leastoneactionableorganismis interceptedn
ashipmentfor thetop 40commodity/regionof origin combinationsenteringthe USthat had
atleastl00shipmentsoverthe 10yearsn our samplg(i.e.,averageétleastiOshipmentper
year).Nineteenof thesecommodity/regionof origin combinationshavepredictedprobabili-
tiesof potentialpestarrival 0.20or higher,morethan sixtimesthe sampleaverag®f 0.033All
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Fig 1. Estimated probability of pest arrivals by commodity/country of origin combination. Estimatel probability of atleastonepotentid pest
arriving in ashipmentfor thetop 40commadity/country of origin combinaticswith atleastL00Oshipmentover1Oyears.
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of thetop 40commodity/regioncombinationsenteringthe UShaveprobabilitiesof potential
pestarrival of atleast0.14while another31 haveprobabilitiesof arrival betweer0.10and0.14
(seeS2Tableof the Supplementarynformation).

Probabilitiesof actionabledetectiongelativeto the overallsampleaveragdy commodity
andregionof origin aredepictedin Figs2 and 3, respectivelyAmongvegetablesquashes
(gourds bitter melon,Chineseokra/luffa),asparagugpeppersandheadlettucehaverelative
probabilitiesatleasthalf againaslargeasthe overallaverageNumerousfreshherbs(falsecori-
ander,rosemarymint leavesthyme,basil,oreganomarjoram,dill) alsohavepredictedinter-
ceptratesatleasto0%greaterthanthe overallaverageWhile somevegetablealsoexhibit high
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Fig 2. Estimated relative probability of pest arrival by commodity. Estimatecprobability of atleastonepotentialpestarriving in ashipmentrelative
to the overallsampleaveragdor thetop 40commalities.
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Fig 3. Estimated relative probability of pest arrival by country of origin. Estimatedorobability of atleastonepotentialpestarriving in ashipment
from eachcountry/regionof origin relativeto the overallsampleaverage.
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predictedarrival rates mostnotablywinter vegetableBom the WesternHemisphergtoma-
toesandlettucefrom CentralAmerica),vegetablesverallaccountfor the bulk of the com-
moditieswith thelowestprobabilitiesof potentialpestarrival (S2TablexSupplementary
Information).

Nigeria,variouscountriesin the Middle Eastandthe United Kingdomareshipmentorigins
with the highestpredictedinterceptprobabilities with averageacrossall commodities sea-
sonsandportsof entry 5+17timesthe overall10-yearaveragéFig 3). Countriesin Southand
CentralAmerica,the Caribbeanin Southeasfsia/Oceaniandelsewherén Africaandthe
Middle Eastarethe nextlargestwith averageacrossll commodities seasonand ports of

PLOS ONE | https://doi.org/10.1371/journal.pone.0192280 February 16, 2018 7/16


https://doi.org/10.1371/journal.pone.0192280.g003
https://doi.org/10.1371/journal.pone.0192280

Invasive pest arrivals in fruits and vegetables

800-*
700 4
» 6004
g
ty
£ 5001
w
2
= 4 ]
£ 400
®
] ]
L 3004 L I |
i
ty
200 4 L
LI |
L |
v 00,
100 + [ B ]
L R Y
50 - ......
0IllIIllIIllIIllIIlllIllIIlllllllllllllll
= 0 >N o v O W >0 .= »w O = »w T O O Vv Vv o O O [ ©c T O [
wmt—gcsbmgtsgmgggﬁwo‘éwu>§QME§6;SCE%E w%5§
s > 8 & cCpo 0o 9 2 @ 82 @ >0 E3EOL3CG SEo0ogla® f <8 c
DEEEZPESEE8s250062 s S5802FIE0FEGECEC 88 € g
S8FQP o oEXg< < Pl - = c 9§ o 8s § & © S99 35 o
2 O O&Ogﬁs%ég =6 opo e g apgOraa 8§ &£5838:z2
e 2 o @O<EY p 3 5 i 2580
5 8 0 @ 5 £9%
s T o£
e
20
—
[
QO
o
3
@

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

https://doi.0g/10.1371Hurnal.pon®192280.g004

entry 2+5timesthe overall10-yearaverageAt the otherendof the spectrumCanadaand
Chinaareverylow probability sourcef potentialpestarrival, with averageacrossll com-
modities,seasonandportsof entry 0.1+0.2imesthe overall10-yearaverage.

Thenumberof attemptedntroductionsis abettermeasuref propagulepressurghanthe
probability of arrivalin anindividual shipment[5, 22+24] The expectedinnualnumberof
shipmentswith apotentialpestdetectionis our secondrequencymeasurelt providesanesti-
mateof the numberof instancepropagulesreexpectedo arriveeachyearin shipmentof a
givencommodityor from agivencountry/regionof origin. Freshherbsareassociatedith the
highestexpectegropagulearrival frequenciedy this measurebasil,mint, rosemarythyme
andoreganaaccountfor anexpected10+82@rrivalsof potentialpestsaannuallywhile cilan-
tro, tarragon falsecoriander,sagemarjoramanddill accountfor anadditional110+310
expectecinnualarrivals(Fig 4). Somevegetablewith high predictedinterceptprobabilities
alsoexhibitveryhigh predictedpropagulearrival frequencieschili peppersasparagusnd
squasheébitter melon,bottle gourd,Chineseokra/luffa) accountfor expectegestarrivalson
the order of 90+34(nnually At the sametiime, somevegetablewith moderateintercept
probabilitiesexertsubstantiapropagulepressuredueto largenumbersof shipmentsFor
examplegreenonions,tomatoesgreenbeansggplantsgcabbagandcorn havepredicted
interceptratesbelowthe overallsampleaveragdut accountfor 70+13%xpectedictionable
pestarrivalsannually.
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Asthe predominantsourceof fruit andvegetablémportsto the U.S. the NewWorld isthe
largestsourceof expectedarrivalsof potentialpestgFig 5). Mexicoaloneaccountdor 2,400
expectedctionableshipmentsannuallywhile Colombiaaccountdor almost2,000Tenexport-
ing countriesareassociateaith 1000r more expectecnnualarrivalsof potentialpestsSeven
arelocatedin SouthAmerica,CentralAmericaandthe Caribbean]|srael the Palestiniarirerri-
toriesandthe Netherlandsnakeup the remainder.On the otherend of the spectrum Canada,
Japan|ndia, Turkey, Taiwan,mostcountriesin Europeandsmallerexportersn SouthAmer-
ica,the Caribbearand Southeasf\siaaccountfor lesghan5 expectedictionablgpestarrivals
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Fig 5. Geographic distribution of expected annual pest arrivals.
https://cbi.org/10.137/ournal.pon®192280.9g005
9/16

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


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

Invasive pest arrivals in fruits and vegetables

annually,while Nigeria,Australia,El SalvadorSouthKoreaand Thailandaccountfor lesghan
10peryear.

Thehigh expectechumbersof annualpropagulearrivalsin fruit andvegetablénportsfrom
countrieslike Colombia,CostaRica,the Dominican Republic Guatemalathe Netherlandsand
Israelarisefrom acombinationof higherthan averageredictedinterceptratesandalarge
numberof shipmentsaseachcountry accountdor 4+8%of the total numberof observationén
our sample(Fig 3). Mexico'sdominanceasatrading partnerfor fruits and vegetabless a pri-
mary reasorwhy it is oneof the highestsource®of actionablepestdetectionsThe overallinter-
ceptprobabilityfrom asingleshipmentfrom Mexicois low (averageécrossommodities,
seasonand portsof entry), but the numberof shipmentsof freshfruits and vegetableis
extremelylargeboverhalfthe observationén the datacomefrom Mexico.TheNetherlandss a
keytransshipmenhub that connectgylobalmarketsandimportslabeledasoriginatingin the
Netherlandoftenoriginatein othercountries.For the United Kingdom and manyAfrican
countries the predictedprobability of aninterceptassociateith eachshipmentis relatively
high but the numberof shipmentds sosmall(lesshan half a percentof the total numberof
observations)hat the estimatedpropaguldrequenciegrom thosecountriesis quite low.

Discussion

Overthe pastdecadeimports of fruits andvegetablemto the UShavegrownrapidly, sothat
the USis now anetimporter [31]. Imports comeprimarily from the WesternHemisphere
southof the USborder(Fig 6). The UShasfreetradeagreementsvith Mexicoand Canada
(the North AmericanFreeTradeAgreement) CentralAmerica(the CentralAmericanFree
TradeAgreement)Chile,and Peru.Fruit andvegetablémports from other SouthAmerican
countrieslike Argentinaand Brazilhavebeengrowingaswell andthe USgrantspreferential
acces$o imports of manycommaoditiesfrom the Caribbearunderthe CaribbearBasin
Initiative.

CanadaandMexicoareof speciainterestfrom apolicy perspectivdbecaus&)Sgrowers
haveoftencitedtherisk of pestinvasionsareasorfor continuingto upholdtradebarrierswith
thesecountries. We find mixedevidencdor this contention.The probability of encountering
anactionablgpestin ashipmentfrom Canadds extremelylow, about0.002the annualnum-
berof predictedarrivalsis lesghan5, sothat Canadaaccountdor anegligibleshareof ship-
mentscontainingpotentiallyinvasivepestsWe find that Mexicanshipmentsareabouthalfas
likely asthe averageshipmentto haveanactionablentercept(0.016versug0.033)but the
expectegropagulegrequencyfrom Mexicois neverthelesgquite high becaus&lexico
accountdor overhalf of all shipmentsOur modelpredictsthat Mexicoaccountgor 27 per-
centof theannualaveragef 9,065fruit andvegetablémport shipmentscontainingactionable
organisms.

Among Centraland SouthAmericancountries,Colombiaand CostaRica,the Dominican
Republic Peruand Guatemalarethe source®of the largestnumbersof expectednnualpest
arrivalsafterMexico(Fig5). Chile,Argentina,and Brazilalsoaccountfor largenumbersof
invasivepestarrivals.Overall,Centraland SouthAmericancountriesaccountfor aboutafifth
of currentfruit andvegetablshipmentsandalmosttwo-fifths of expectedinnualpestarrivals.
The Caribbearhasa predictedinterceptprobability equalto the overallaveragef 0.033jts
frequencyof invasivepestarrivals(10 percentof thetotal annualnumberof predictedarrivals)
isthusproportionalto its largeshareof fruit andvegetablémport shipmentg9.5percentof
thetotal).

Our analysishelpsto quantifyhow muchthe expansiorof tradein fruits andvegetables
ensuingfrom thesdradeliberalizationagreementfasraisedUS exposurdo invasionsof
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Fig 6. Fruit and vegetable imports: Total and actionable shipments, 2005-2014.

https://doiorg/10.1371furnal.pon®192280.9g006

potentiallyharmful nonindigenousspecies-ruit and vegetablémports from Centraland
SouthAmericahaverelativelyhigh frequencie®f actionablepestarrivals,asdo imports of
manycommonfruits andwinter vegetableBom Mexico.Pestinterceptsfrom Centraland
SouthAmericahavegrown at afasterratethanfruit andvegetablémports (Fig 6). Further
tradeliberalizationwithin the WesternHemispherds thuslikely to heightenchallengeso the
enforcemenbf USphytosanitarystandards.

Wefind averylow incidenceof potentiallyinvasivepestdn fruit andvegetablexports
from Chinato the US: Thepredictedprobability of apestarrivalis 0.007andthe predicted
annualnumberof shipmentscontainingactionableorganismsgs only 20.1n contrastMiddle
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Easterrcountrieshavehigh predictedprobabilitiesof actionablepestdetectionqFig 3), which
is likely dueto high backgroundpestinfestationratescoupledwith poor sanitationpractices.
Thevolumeof importsis sosmall,though,thatthe predictednumberof potentialpestarrivals
is verylow. Our modelindicatesthat anyexpansiorof tradewith this regionis likely to result
in anincreasen propagulepressure.

Increasedn propagulepressureassociatewith the growth of imports canstrainthe capacity
of acountry'sphytosanitarysystemandthus heightentheimportanceof directingresources
towardthe greatesthreats.Our modelhelpsidentify thosethreatsFig 7 depictsthe difference
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Fig 7. Growth rates of actionable pest detections and shipments.
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in the growthratesof actionablepestdetectionsand shipmentsfor the 40commodity/country
combinationswith the greatesexpectecdhumberof annualarrivals.Growth in actionablepest
arrivalsin herbsfrom Colombia,CostaRica,andthe PalestiniarTerritories;blackberriegrom
Guatemalaandsquashefbitter melon,luffa) from the Dominican Republicall outstripped
growthin shipmentsjndicating substantiagjrowthin arrivalsper shipmentandthusworsening
of phytosanitarystatus On the other sideof the spectrum nativeMexicanvegetablegrickly
pearpadshuazontle)andcommoditiedike greenonionsand cilantro from Mexicohadgrowth
ratesin arrivalshelowgrowthratesin shipmentsjndicatingreductionsin arrivalspershipment
andthusimprovementsn phytosanitarystatus Commoditiesike limesfrom Mexico,basil
from CostaRica,andgreenbeandrom Guatemaldadnegativegrowthratesin arrivalsthat
morethan offsetgrowthin shipments.

Comparisonof growth ratesof actionablepestdetectionsand shipmentdor thetop 40
commodity/countryof origin combinationswith the greatesexpectechumberof annual
actionablepestarrivals.

Two complementarcourse®f actioncanbetakenin casesvherearrivalsincreasdaster
thanshipments(1) provisionof technicalassistancto exportersand(2) greatertargetingof
inspections.

First, APHIS cananddoesprovidetechnicalassistanct exportersand exportingcountry
governmentgo helpdevelopandimplementprotocolsthat reduceactionablepestpresence.
APHIS maintainsofficesworldwidewith staffworking with foreigngovernmenbfficialsto
resolvesanitaryand phytosanitanjissuesandwith industry tradegroupsandexportingfirms
directlyto helpthemmeetUSstandarddor invasivepestqaswell asother sanitaryand phyto-
sanitaryrequirements)Thereareofficesin mostCentraland SouthAmericancountriesas
wellasthroughoutMexico;thereareoffices The APHIS International Technicaland Regula-
tory CapacityBuilding Center,createdn 2007 offersprogramsto helpexportingcountries
improvetheir performancen meetinguS sanitaryand phytosanitaryregulationsin the
CaribbeanAPHISalsoworkswith trading partnerson implementingthe CaribbearRegional
InvasiveSpeciesntervention Strategyn order to reduceinter-country movementf invasive
pestdn theregion.Our estimatesanbeusedto setpriorities for technicalassistancto
exportersand capacitybuilding for exportingcountry governmentsy identifying the com-
moditiesand countriesor origin in both greatesaindleasteedof technicalassistance.

SecondAPHIS cananddoesperformenhancedcreeningf imports with worseningphy-
tosanitarystatusasa precautionagainsigreaterentry rates Analysedike that conductedn
this papercanfacilitatecosteffectivetargetingaswell asreallocationof resourcegrom low to
high need.Our analysisdentifiesthe pathwayf greatesphytosanitaryconcern.t provides
guantitativeassessmentd arrival probabilitiesthat canbe usedfor initial targetingof
enhancednspectioneffortasuggesteth the literature[18+20].Our estimatesanalsoserve
aspriors for updatingestimate®f arrival probabilities thusmakingit possibldo improverisk
managementmnakebetteruseof availableesourcesandreduceincentiveso circumventphy-
tosanitarysafeguardby learningfrom experiencavith future shipments.

Supporting information
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$2 Table. Estimated probabilities and numbers of expected potential pest arrivals by com-
modity.
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$3 Table. Estimated probabilities and numbers of expected potential pest arrivals by coun-
try or region of origin.
(PDF)
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