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Abstract

Tuna fisheries and processing represent economic activities of paramount importance
around the world. Most of these products are traded for human consumption and in general
are highly demanded commodities. However, not all tuna products achieve the same market
price, some consumers are willing to pay a huge amount of money for certain species (i.e.
Japanese market for Bluefin tuna) while other species are rather affordable (i.e. Skipjack
tuna), therefore mislabelling has been observed frequently. We collected and analysed 545
tuna samples in six European countries, including fresh, frozen and canned products, and
we have investigated whether or not these products were correctly labelled under European
and national legislations. We found an overall mislabelling rate of 6.79%; in particular,
6.70% of the fresh and frozen tuna products and 7.84% of canned tuna were mislabelled,
and only in the case of fresh and frozen tuna samples significant differences among coun-
tries were found. Mislabelling rates for Atlantic Bluefin tuna labelled products were very
high, ranging from 50 up to 100%. In general, mislabelling was higher when specific names
were included in the labels. The 2tuna®umbrella term is a very popular one with consumers,
but also one that remains vulnerable to ambiguity, hampering efforts towards market trans-
parency and with potential negative consequences to the adequate management of tuna
species stocks.

Introduction

Seafoodraudis morecommonthanmostconsumerghink and manystudieshave
highlightedthe factthat speciesubstitutionis especialljrequentin certainseafoodgroducts,
suchasthoselabelledasAtlantic Bluefintuna, Europearhakeor Atlantic cod[1+3]. Thecon-
sequencesf this malpracticenot only involvethe economicdeceptionof consumerg4], but
mayalsohavea negativampacton the sustainabilityof marineresource$5]. However the
diversityandnumberof fish commonlytradedgloballyasseafoods sovastthat much
remainsto bedoneto understandhetrue ecologicatostsof mislabelling[6].
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Oneof theessentiatlementsn thefight againsseafoodraudis legislation European
Union (EU) labellingregulationsareaimedat providing information to consumersuchas
commercialandscientificnamesthusassuringheir traceabilityandidentificationthroughout
thevaluechain(EU 1379/2013)howeverin this regulationthe typeof fisheryor aquaculture
productdeterminethe mandatoryinformation requiredin thelabelsand,therefore may
decreasthe expectedffectd7]. Recenstudiessuggesthat seafoodnislabellinghasgenerally
decreaseth Europearcountriesdueto the existencend enforcemenbf thesdabellingregu-
lationsandthe useof appropriatespeciesdentificationmethodologie$1,8]. This canalsobe
linked to the EU involvementin funding projectsdealingwith this problemfrom thevery
beginningof the EU frameworkprogramme[9], putting Europeat the forefront of theauthen-
ticity testsdevelopmentespeciallyegardingseafood10].

Tunasareamongthe mostdesirablemarinefish worldwide,with aglobaltunaandtuna-
like speciegatchthat peakedat 7.7million tonnesin 2014[11]. Skipjack( )
and Yellowfin ( )  werethetunaspeciesnostcapturedwith about3and1.5
million tonnesrespectively10]. In contrastthe capturef Bluefintuna(threespecies.

, and . ) during the sameperioddid not exceedl0,00Qonnes.
The conservatlorstatusof thedifferenttunaspeciesndstockss alsovariablebut worrying:
severabtocksareoverfished31%)andnearto that threshold(17%) wherea$2%remainata
healthylevelof abundancg12]. However marketdemandhasnot decreasedndthetuna
fishing fleetmaintainstheir capacity{10].

Atlantic Bluefintuna( . )  deservespeciahttentionsincethe strongmarket
demandon this speciesluring the lastdecadesearlyprovokeda collapsen the populations,
suchasEastAtlantic and Mediterraneanwhich forcedthereductionof thetotal allowable
catch(TAC) for the Mediterranearfisherysince2007.This measurellowedthe recoveryof
the stock|[13]. Sincethe mostdesirablespeciesrenot alwaysavailablgor the market,strong
economicforcesmayresultin somedegreeof substitution,fraud or mislabelling[14]. It isnot
easyto find aglobalmislabellingratefor tuna;differentstudieshaveshowndifferentlevelsin
generalfactorssuchascountry,typeof retailer,samplingtargetor yearmayexplainthesedif-
ferencesPardoetal.[15] suggesanaveragd 8%misdescriptionfor tuna,Gordoaetal.[16]
found 37%of freshandfrozentunain Spainat pointsof saleand48%in restaurantsin some
othercasegshesevaluesvereextremelyhigh suchas95%found by Oceandn Brusselsestau-
rantsfor Bluefintuna[17]; howeverstudieshavetypicallyvariedin their samplingstrategies,
andthereforeremainpoorly comparable.

Transnationakvaluationof seafoodraud couldreveakrendsamongcountriesor geo-
graphicareaswhich ultimatelycouldhelpto designcoordinatedmeasureso reducethe global
incidenceof mislabelling However transnationaktudiesarescarcesomeexamplesvere
reportedin North America,with samplesakenfrom USAandCanadd18]. Aspartof the
Labelfishproject,1563seafoodsample®f differentcategorieandprocessinglegreesvere
collectedacrossl 9citiesandsix Europearcountries revealingan averagenislabellingrate of
4.93%or the Europearretail sector{ 7]. Later,in 2015the EU Commissionorganiseda coor-
dinatedplanto analyse&3906sample®f fish, mostlywhitefish,in 27 MemberStatesind 2
EFTA(EuropearFreeTradeAssociationMemberStatesThesesamplingsandanalyses
resultedin identifyinganoverallmislabellingof white fishin Europeof 6%[19].

This studybenefitsfrom the previousMariani etal.[7] samplingfocusingonly in thetuna
products.Theobjectivewasto gaindeepeunderstandingof the patternsanddriversof tuna
mislabellingacrosEuropeby examiningthe factorsaffectingmislabellingratesof theseprod-
uctsin six Europearcountries.In particular,the analysedactorsincludedtheinfluenceof
processin@ndspeciesabellingin mislabellingrates andthe typeof substitutionwhich char-
acterizeshefraudin tunaproducts.
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Materials and methods

Sampling

Commercialsample®f tunaproductswerepurchasedn marketsof 18differentcitiesin
Europebelongingto 6 countries(France Germany Ireland,Portugal Spain,andUnited King-
dom) betweer2013and2014 L ocationswerechoserin orderto haveagoodcoverageand
geographicaleplicationfor eachcountry (S1Table).

In eachcity, the samplingwasaimedto coverawide metropolitanareaandawide
rangeof typesof retailersjncluding supermarketstraditional marketsandspecialized
fishmongersWhenseveraproductswerepurchasedn asinglestorethesewerechosen
with differentbrandsor typesof processingThe mostabundanttypesof tunaproducts
(fresh,frozenandcannedtuna) havebeensampledn all countrieswhilein someSouth-
ernregionsin Europe(in Spain,PortugalandFrance) othertypesof conveniencdood
containingtunawerealsosampledandanalysedsuchassaladsand precookedoroducts.
545samplesveresuccessfullgnalysed225werefreshandfrozen(unprocessed268
canned(processedand52miscellaneougprocessed)Thenumberof sampleanalysed
percountrywere:87in Spain,71lin Portugal,93in France53in ROI, 154in UK, and87
in Germany(S1Table).

Samplesvereobtainedin their original packagingandweretransportedo thelaboratory
onthe dayof purchasewheretheywerestoredat -20ECor asmallpieceof tissuewasremoved
andpreservedn absoluteethanol.Packagingvasretainedor photographedandall labelinfor-
mationwasregistered.

Assessmenof compliancewith Europeanseafoodabelling legislation

Determinationof tunacommercialproductsmislabellingwascarriedout takinginto consider-
ationtheadequatd=uropearregulation:

- (EC)No 852/2004wnhereit is establishedhe definition of processedndunprocessetbod
(i.e.freshandfrozentunafall into the categoryof unprocesseéisheryandaquaculturgrod-
ucts,while cannedtunainto the processeanes).

- EEC1536/92whereit is statecthat preservedunaandbonito mustbepreparedexclusively
from certainfish speciegi.e.tunacansshouldcontainonly any speciesr
),  mixing of speciess not allowedin eachtin (unlessmuscularstructurehas
disappearedpnly commerciahamesarerequired

- EU1379/201dicatingtherequiredinformation to be presentedo consumersamongoth-
erscommercialand scientificnamegthe latterexceptor cannedand other preparedprod-
uctssuchassalads).

- Also,all memberstatedavetranslatedheseEuropearregulationdnto nationallegislation,
themain aspecto beconsidereds the specificdenominationthateachcountry establishes
to designataifferenttunaproducts,including fresh,frozenandcannediuna. A summaryof
thesedenominationds presentedn S2Table.

DNA extraction, amplification and analysis

Samplescreeningnvolvedfive Europearlaboratorieswith extensivexperiencen seafood
authenticity. Eachlabalsocarriedout blind-samplering trials to ascertairconsistencyf the
methodsusedto identify fish speciegfull detailsof theseexperimentsarepresentedn S1File).
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A summaryof the methodsemployedn this studyis presentedn S3Table wherethe spe-
cific DNA extractioncommerciakits, primersused molecularegionsandsizeof the ampli-
cons,DNA sequencingrocedureandsequencanalysisreindicated.

Differentmitochondrial DNA targetregionswereusedin thelaboratoriesnvolvedin the
study:cytochromeb, cytochromeoxidasd andcontrol region.Tunaspeciesn freshandfro-
zenproductswereidentified usinglargerfragments464bp for cytochromeb marker,650bp
for cytochromeoxidasd and450bp for the control regionmarker[20,21].In the caseof
cannediunamostlaboratoriesusedcytochromeb markersof shortersize,187and 176bp
[9,22],excepffor Francewhichusedashortcontrol regionfragmentof 150bp [8].

Primersand PCRprotocolsarespecifiedn S4Table.Oncecheckedy agaroselectropho-
resisin 1+2%agarosegels PCRproductsweresequencedsubsequendNA sequencanalysis
wasperformedasindicatedin S3Table Briefly,sequencesereeditedusingChromas(Tech-
nelysium),Bioedit[23] and GeneDod24] and matchedagainstNCBI databasesingthe
nucleotideBLAST(BasicAlignment Searchrool) andthe BOLD (Barcodeof Life) database
for the COI sequencef25]. Speciesvereidentified usinga 99%minimum matchcriterion,
with the exceptionof and . . wherethethresholdwas100%426].
Foranunequivocaldentification,laboratoriefrom Spain,Franceand Germanyalsocon-
structedNeighbor-JoiningreesusingMEGA softwarg 27] with their own reference
sequencessing Tamura-Neidistances.

Sequencegngerthan 200bp wereuploadedn GenBankaccessiomumbers:Germany
KJ53128%0 KJ53137%ranceKJ5357410 KJ5357835painkJ6238160 KJ623830Portugal
MF0674300 MF067499RndBOLD databasén the caseof COl sequence@JK andROI
KJ5104243531384ndKJ563141-KJ645864)

Samplegontainingadifferentspecieshanthe onedeclaredn thelabelwereconsidered
mislabelledWhenonly the commerciainamewaspresentmislabellingrecordswereobtained
by following eachcountry'slist of approvedcommercialdesignatiorfor tunas(S2Table).
Whenthe scientificnamewaspresentjt wasthe onetakenasareferenceo comparewith the
analyticakesult.

Statisticalanalysis

SoftwareGraphPadPrismwasusedto perform pairwisecomparisondbetweerdatasetsusing
Chi-squarewith Yate'scorrectionandcorrelationanalysigor the dependencbetweemum-
berof samplesndmislabellingrate.

Resultsand discussion

545tunasampleszofvhich 225fresh& frozen,268cannedand 52 miscellaneouge.g.dried,
roes saladstc.)twereuccessfullgequencedndidentified (for more detailedinformation
abouttheresultsof previoustunaspeciesdentificationring trials seeS1File); 37 of themwere
mislabelledmakingan overallmislabellingrateof 6.79%(Fig 1). This studyis not only the
largestsamplingeffort reportedfor tuna productsbut alsoonethatinvolvessix differentEuro-
peancountries Previouslyeportedmislabellingratesfor tunawereveryvariable on average
18%][15], mainly becaus¢heseratesmaychangeovertime andalsobecaus¢he typeof retailer
or provenancef samplesnfluencedramaticallythe resultsobtained. Themuchlowervalue
found heremaybeanindication of theimpactof labellinglegislationand control,the mass
mediacoverag®f food fraud with the consequencef consumeltbeingmore awareof food
labeld8].

Themislabellingratewasnot significantlydifferent(Chi-square= 0.1045¢f = 1,
P =0.3733petweerfresh& frozenandcanneduna, 6.70%and7.84%yrespectivelywhile the
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Fig 1. Collectedsamplesand mislabelling rate for tuna seafoodproducts acrosssix Europeancountries.Fig 1A: Numberof collectedsamplesnd
mislabellirg rates(red bars)for all analysedunaproductsin six Europearcountries Statisticatlifferencesreshownby letters differentlettersindicate
P<0.05.Fig 1B:Numberof colleced samplesndmislabellirg rates(red bars)for freshandfrozentunaproductsin six Europearcountries Statistial
differenceareshownby letters differentlettersindicateP<0.05.Fig 1C:Numberof colleced samplesnd mislabellirg rates(red bars)for canneduna

productsin six Europearcountries

https://abi.org/10.1371djurnal.por.0196641.901

miscellaneouproductsshowedl.92%mislabelling(not significativedifferenceamongthem).
Previouswvorkshavereportedhighermislabellingrates recentlyGordoaetal.[16] haveshown
thatfreshandfrozentunain Spainwasmislabellecup to 37%at pointsof salewhilein restau-
rantsthe mislabellingratewasevenhigher,48%.In apreviousreportfrom Oceand?28], tuna
sample®btainedat differentpointsof the valuechainin differentstatesf the USAshowed
that 58%of tuna productsweremislabelledHowever this overalldatamaynot becomparable
directly,because¢he specifictypeof tunaproducts(i.e.specieshavearelevantinfluenceon
thefinal mislabellingrate.

Fig 1A showghat smalldifferencedbetweemislabellingrateswereobservecamongPortu-
gal,France]reland,UK and Germany(not significant),with Franceshowingthe lowestmisla-
bellingrateof the study.On the otherhand,Spainshowedhe highestmislabellingrates with
significantdifferencesvith thoseof Franceand UK (Chi-square= 3.0760df = 1;P=0.0397
and Chi-square= 3.2840df = 1; P = 0.0350respectively)However theseoverallmislabelling
ratesdid not reflectthe mislabellingsituationof differenttunaproducts:.e.while someprod-
uctsexhibited1.92%mislabellingrate (for examplethe categorymiscellaneous®¥reshand
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frozentunaproductsweremislabelledat 6.70%(Fig 1B).In fact,we haveobservedaignificant
differencedor freshandfrozentunafor Spain(25%)comparedwith Ireland (0%,Chi-
square= 3.2250df = 1;P=0.0363)UK (3.7% Chi-square= 7.3940¢f = 1; P= 0.0033)and
Germany(4.7% Chi-square= 5.1300df = 1; P = 0.0118)Cannedsamplepresentecnoverall
mislabellingrateof 7.84%ijn this casealifferencesn cannediunaamongcountries ranging
from 3.45%(France)to 13.04%Germany)werenot significant(Fig 1C).

Additionally, no significantcorrelationwasfound betweerthe numberof samplegakenin
eachcountryfor eachcategoryor the seafoodconsumptionratio perhabitantandthe misla-
bellingrate (datanot shown),thereforeotherfactorsshouldbeconsideredvheninterpreting
theresultsobtained.

Theanalysi®f theinfluenceof the typeof labellingin thefinal mislabellingratecanbe
observedn Fig2 and S5Table.Althoughasignificantcorrelationcouldn't be established
amongthe numberof sampledabelledastunaandthe mislabellingratein a particularcountry
(datanot shown),theinfluenceof samplingtuna productwith Atlantic Bluefintunalabelcan
beclearlyseenin thechangedn mislabellingrateswhentheseproductsareexcludedn the
mislabellingratecalculation the differenceamongcountrieswerenot significant.In fact,
while overallmislabellingratedropsdownto 1%in the caseof labellingjusttuna, it goesup
(88%)in the caseof Atlantic Bluefintunalabelledoroducts.Theseresultsagreewith theresults
found by Vandammeetal.[29] thatreportedalow mislabellingratefor tunain sushiof about
10% but whichrisesup to 18%whentunaspeciess consideredn thelabelling.Likewise Gor-
doaetal.[16] reporteda 73%o0f mislabellingfor Atlantic Bluefintunaandpointstowardseco-
nomic gainasthe main reasorfor mislabellingtuna. Atlantic Bluefinmislabellinghasbeen
highlightedasan exampleof inverserelationshipbetweerlow volumecatchesndhigh pro-
portion of substitution;offerand demanddo not matchandtheresultis averyhigh mislabel-
ling rate[30].

In the caseof cannediuna, including speciesn thelabelprovokedanincreasen the misla-
belling(Fig 3and S6Table),andsignificantdifferencesouldbeobservedn overallvalues,
from 1%mislabellingratefor Tunalabellingup to 10%mislabellingrateswhenspeciesre
indicatedin thelabel(Chi-square= 4.381p = 0.0182)Generahamessuchastuna,which
includeanyspeciesf the genus and . ,  wereassociatewvith verylow misla-
bellingrates(0%),whileindicatingthe speciedn the canresultedin ahighermislabellingrate
(17£60%)S6Table).In generalthesemislabellingrateswerelowerthanthosefound for fresh
or frozentunaproducts.

Currentlabellinglegislationin EU establishethe obligationto indicatecommerciahame
andspecieén the caseof fresh,frozen,smokedanddried seafoocroducts(EU1379/2013).
Howeverwe havefound manyfreshandfrozentuna products,from 29%in Portugalup to
100%in Ireland,whichwerestill labelledwith the genericnametuna (S5Table).Althoughwe
did not considerthemmislabelledn this study,theseresultsindicatea poorimplementation
of labellingrulesacross€urope.In the caseof cannedproducts legislationallowsthe useof
genericnamessuchastuna,andasit canbeseerhere,samplesvith the genericnametuna
haveshownverylow mislabellingrates Thesedifferencesn labellingrequirementetween
fresh/frozerand cannedtunaaredifficult to understandrom aconsumerpoint of viewasthe
sameneedfor information shouldberequired.In fact,the campaigrfonefish,onename®
advocate$or the establishmendf more specificnamedor everytypeof seafoodproduct[31]
andthe main objectiveis to empowerconsumerdo makemore accuratepurchasinglecisions.
Theimplementationof this approachwill helpto betterprotectresourcesndto fight illegal
fishingpractices.

Fig4 and S7Tableshowthe typeof substitutionobservedn the analysedamplesk-rozen
andfreshsamplegxhibitedtwo main typesof substitutionsaffectingthe productslabelledas
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Fig 2. Mislabdling rate for freshand frozen tuna seafoodproducts acrosssix Europeancountries. Overallmislabellirg rates(OVERALL MR) for freshandfrozen
tunaproductsandmislabellirg rateof productsexcludingthoselabelledasAtlantic Bluefintuna (MR EXCLUDING ABFT)in six Europearcountries Statistical
differencesreshownby letters differentletterindicateP<0.05.

https://doi.0g/10.1371§urnal.pon®196641.9g002

and . . Inthecaseof . (7 samplesnislabelled)commercially
IabellechsAtIantlc Bluefintuna, thon Rougeor atéh Rojo, the levelsof substitutionby .
or . weresimilar (43%).More mislabelledsamplesverefound for .
(Yellowfin,thon Albacore atundealetaamarilla),in this caseonly onespecies, , was

found to substitutethis speciesin this latter caseunintentional substitutionmaytakeplace
dueto occurrencenf mixed schoolsf both speciesyhich areverysimilar asjuvenileg32],
andcanbecapturedatthe sametime.

In termsof speciessubstitutionresultsin cannediunaweredifferentfrom thoseof fresh
andfrozentuna.CannedtunalabelledasYellowfin, Light tuna, thon albacoreandatén Claro
werereplacecdoy . (50%o0f samplesall of themfrom Spain), . (20%,noneof
themweresamplegrom Spain nationallegislationallowsin this countryto label . as
atdn Claro)and . (20%o0f the samplesand . (10%).Thisis anexampleof
lackof coherencén the Europeariegislationin onecountry, it is permittedto label .

or . asLighttuna(Spain)whilein the other Europearcountriesis not allowed.
Onemight expecthatthis mayhaveanimpacton the mislabellingratesfound for Light tuna
in Spainhowevermislabellingratesfor this productweresimilarto othercountrieswhere
only . canbeusedin Light tunacanproduction. Theresultsshownin S6Tableindi-
catethat percentof sampledabelledgenericallyastunahasanimpactin the mislabellingrate
of the countryfor cannedtuna, sincethis typeof productspresentmislabellingratescloseto

0%.
Samplesf . wereonly relevantin UK, Germany FranceandIreland,whilein
countrieslike SpainandPortugalis verydifficult to find cannedtunalabelledas . . In
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Fig 3. Mislabdling rate for cannedtuna seafoodproducts acrosssix Europeancountries. Overallmislabeling rates(OVERALL MR) for cannecdtunaproducts
andmislabellirg rateof productswith labelsndicatingspecie$MR INCLUDING SPECIESIn six Europearcountries

https://doi.org/10.371/journal pne.019664 4003

thecaseof . labelledcansboughtin the UK, all mislabelledsamplesveresubstituted
by . . . Thistypeof substitutionhasbeenreferredby someauthorsasreverse
substitution,acheapespeciess substitutecby anexpensivene,andthat maybeanindica-
tion of hiding aproductfrom alUU fisherypractice[16]. Another substitutionwasfound in
Germanywhere . wassubstitutedoy . . Theseesultsmayindicatethat dif-
ferentvaluechains fresh/frozertunaandcannedunarelyin different providersof raw mate-
rial, besideshe cultural aspectef eachparticularmarket(i.e. Spanisfconsumersaluelight
appearanceneatin cannedunawhile this featuremaybenot asrelevantin other European
markets).

It hasbeenreportedthatidentificationof the speciesvith mtDNA markersmay
presentsomeproblemsdueto low interspecificvariability andintrogressionissues.

Oneof the problemsis thelow genetiaddistancefound between. and .
Thereis alsoalow percentag®ef specimensf Atlantic BluefinTuna (ABFT) which exh|b|t
almostthe samesequencasPacificBluefin Tuna (PBFT)usingsomemtDNA markersand
viceversg26]. However,n our samplesherewerenot anyof thesecasegi.e.asample
labelledasABFT but beingidentified asPBFT)and althoughthe currentlegislationwould
considerthis examplamislabelledfreshandfrozentuna)this problemdoesnot affectour mis-
labellingresults.Thereis alsointrogressiorbetweem@ABFTand . ,  2+3%o0f ABFT
specimenshowingmitochondrialsequencesf . ,  butagainwedid not find any
samplewith this situation.Thereforeweconcludethatin the presentstudytheseissuesre
not affectingour mislabellingresults.

After lookinginto tunaproductlabellingacrossasignificantportion of the largesiglobal
playerin seafoodrade(i.e.the EuropeariJnion), it is apparenthatthis high-demandand
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Fig 4. Tuna speciesdentified in mislabelledsamplesFreshandfrozen:tunaspeciesdentifiedin mislabdled freshandfrozentunasamplesCannedtuna
speciedentifiedin mislabelleccannedunasamplesN: numberof mislabelledsamplespumberin bracketdndicateshe numberof samplesvhereaparticular

tunaspeciesvasidentified.

https://doiorg/10.1371§urnal.pon®196641.g00

widelymarketedfood categoryepitomisesll the keychallengesf globalseafoodsustainability
andtraceability First, mostof the productsrely on catchesrom distantand/or tropical waters
andarangeof processin@venuesall of which poseghe logisticchallengesf alongandcom-
plexsupplychain.Secondly?tuna®is oneof the generafumbrella®termsunderwhich many
speciesvith diversebiologicaltraits continueto betraded,especiallyn geographi@reas
exportinghigh volumesof seafoodo Europe[33]. Collectivelythe opportunitiesfor species
substitution,beit for deliberatelymaximisingfinancialgainor throughsheetogisticerrors/
mismanagementemainhigh; sodoesthe exposureof consumerdo alackof transparency
that preventsenvironmentallyconscioupurchasinglecisionand/or mayresultin inadvertent
consumptionof unhealthyproducts(e.g.high heavymetalcontent,[34]). Progressn thisarea
canbeachievedhrougharobustinternationalpolicy of accuratespecies-levéhbellingand
coordinatedgovernancefforts.
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