
���������	��
���������������������������������������������������
������
��������
��������������������������� ���!�����������������	��""�������

�#$�����%��������������&$����'������%������������������""�������$�������$��

����'((�������������)�*�$)�)$+(��(������(,,-./(

������

���������	
�
��
	� 0������������1����� ������
��������
�����
��
�
���������������
�
����
��������
�
��
����
�����������������	������������������
����
�������������
���
��
����
	����
��
���	���	�������������	�����
�������������
������
�������	����	���	����������
�������
����������
 �!����������
�
�����"����
������������
���
���������
����	���������#���
�������
�
�����
$���������
����
���������
��	���������������
����
���������
����������������#��%������������
����
�������
�����������

&�
��
�������
�
��
	��
�
�����	���
��������
��������
	��
�������������
��
���������
��
��	��
'�
��
��

���
��
��������������
����	
�����������
��������
��������
	��
�������	���
������
���
��������
(���
����������������

)����
�������������
��
�������� �
�
��������
*�+�������%

����,���
�
��������
��+�������%�

���������  ��
��
���
��������	������
����
�
������
��������
�-���
�����������
���
�	������
������������%!�

���������	��
���������������������������������������������������
������
��������
��������������������������� ���!�����������������	��""��������234,56�
#$�����%��������������&$����'������%������������������""�������$�������$��)�
�0���1����,7�2-6)�8��9�,:73�/347�

������
�
�����"����


http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk


RESEARCH ARTICLE

Tuna labels matter in Europe: Mislabelling
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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 ªtunaº 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
Seafoodfraudismorecommonthanmostconsumersthink andmanystudieshave
highlightedthefactthatspeciessubstitutionisespeciallyfrequentin certainseafoodproducts,
suchasthoselabelledasAtlantic Bluefintuna,Europeanhakeor Atlantic cod[1±3].Thecon-
sequencesof thismalpracticenot only involvetheeconomicdeceptionof consumers[4], but
mayalsohaveanegativeimpacton thesustainabilityof marineresources[5]. However,the
diversityandnumberof fishcommonlytradedgloballyasseafoodissovast,thatmuch
remainsto bedoneto understandthetrueecologicalcostsof mislabelling[6].
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Oneof theessentialelementsin thefight againstseafoodfraudis legislation.European
Union (EU) labellingregulationsareaimedatproviding information to consumerssuchas
commercialandscientificnames,thusassuringtheir traceabilityandidentificationthroughout
thevaluechain(EU 1379/2013),howeverin this regulationthetypeof fisheryor aquaculture
productdeterminethemandatoryinformation requiredin thelabelsand,therefore,may
decreasetheexpectedeffects[7]. Recentstudiessuggestthatseafoodmislabellinghasgenerally
decreasedin Europeancountriesdueto theexistenceandenforcementof theselabellingregu-
lationsandtheuseof appropriatespeciesidentificationmethodologies[1,8].Thiscanalsobe
linked to theEU involvementin funding projectsdealingwith thisproblemfrom thevery
beginningof theEU frameworkprogramme[9], putting Europeat theforefrontof theauthen-
ticity testsdevelopment,especiallyregardingseafood[10].

Tunasareamongthemostdesirablemarinefishworldwide,with aglobaltunaandtuna-
like speciescatchthatpeakedat7.7million tonnesin 2014[11]. Skipjack(���������� 	
����)
andYellowfin(������� �������
�) werethetunaspeciesmostcapturedwith about3 and1.5
million tonnes,respectively[10]. In contrast,thecapturesof Bluefintuna(threespecies:�.
�������, �. ��
����� and�. ������) during thesameperioddid not exceed40,000tonnes.
Theconservationstatusof thedifferenttunaspeciesandstocksisalsovariablebut worrying:
severalstocksareoverfished(31%)andnearto that threshold(17%),whereas52%remainata
healthylevelof abundance[12]. However,marketdemandhasnot decreasedandthetuna
fishingfleetmaintainstheir capacity[10].

Atlantic Bluefintuna(�. �������) deservesspecialattentionsincethestrongmarket
demandon thisspeciesduring thelastdecadesnearlyprovokedacollapsein thepopulations,
suchasEastAtlantic andMediterranean,whichforcedthereductionof thetotalallowable
catch(TAC) for theMediterraneanfisherysince2007.Thismeasureallowedtherecoveryof
thestock[13]. Sincethemostdesirablespeciesarenot alwaysavailablefor themarket,strong
economicforcesmayresultin somedegreeof substitution,fraudor mislabelling[14]. It isnot
easyto find aglobalmislabellingratefor tuna;differentstudieshaveshowndifferentlevels.In
general,factorssuchascountry,typeof retailer,samplingtargetor yearmayexplainthesedif-
ferences.Pardoetal.[15] suggestanaverage18%misdescriptionfor tuna,Gordoaetal.[16]
found37%of freshandfrozentunain Spainatpointsof saleand48%in restaurants.In some
othercases,thesevalueswereextremelyhighsuchas95%foundbyOceanain Brusselsrestau-
rantsfor Bluefintuna[17]; however,studieshavetypicallyvariedin their samplingstrategies,
andthereforeremainpoorlycomparable.

Transnationalevaluationof seafoodfraudcouldrevealtrendsamongcountriesor geo-
graphicareas,whichultimatelycouldhelpto designcoordinatedmeasuresto reducetheglobal
incidenceof mislabelling.However,transnationalstudiesarescarce;someexampleswere
reportedin North America,with samplestakenfrom USAandCanada[18]. Aspartof the
Labelfishproject,1563seafoodsamplesof differentcategoriesandprocessingdegreeswere
collectedacross19citiesandsixEuropeancountries,revealinganaveragemislabellingrateof
4.93%for theEuropeanretailsector[7]. Later,in 2015theEU Commissionorganisedacoor-
dinatedplanto analyse3906samplesof fish,mostlywhitefish,in 27MemberStatesand2
EFTA(EuropeanFreeTradeAssociation)MemberStates.Thesesamplingsandanalyses
resultedin identifyinganoverallmislabellingof whitefish in Europeof 6%[19].

Thisstudybenefitsfrom thepreviousMariani etal.[7] sampling,focusingonly in thetuna
products.Theobjectivewasto gaindeeperunderstandingof thepatternsanddriversof tuna
mislabellingacrossEuropebyexaminingthefactorsaffectingmislabellingratesof theseprod-
uctsin sixEuropeancountries.In particular,theanalysedfactorsincludedtheinfluenceof
processingandspecieslabellingin mislabellingrates,andthetypeof substitutionwhichchar-
acterizesthefraudin tunaproducts.

Tuna mislabelling in European markets
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Materials and methods

Sampling
Commercialsamplesof tunaproductswerepurchasedin marketsof 18differentcitiesin
Europebelongingto 6countries(France,Germany,Ireland,Portugal,Spain,andUnited King-
dom) between2013and2014.Locationswerechosenin orderto haveagoodcoverageand
geographicalreplicationfor eachcountry(S1Table).

In eachcity, thesamplingwasaimedto coverawidemetropolitanareaandawide
rangeof typesof retailers,including supermarkets,traditional marketsandspecialized
fishmongers.Whenseveralproductswerepurchasedin asinglestorethesewerechosen
with differentbrandsor typesof processing.Themostabundanttypesof tunaproducts
(fresh,frozenandcannedtuna)havebeensampledin all countries,while in someSouth-
ern regionsin Europe(in Spain,PortugalandFrance),othertypesof conveniencefood
containingtunawerealsosampledandanalysed,suchassaladsandprecookedproducts.
545samplesweresuccessfullyanalysed:225werefreshandfrozen(unprocessed),268
canned(processed)and52miscellaneous(processed).Thenumberof samplesanalysed
percountrywere:87in Spain,71in Portugal,93in France,53in ROI,154in UK, and87
in Germany(S1Table).

Sampleswereobtainedin their originalpackagingandweretransportedto thelaboratory
on thedayof purchase,wheretheywerestoredat -20ÊC,or asmallpieceof tissuewasremoved
andpreservedin absoluteethanol.Packagingwasretainedor photographedandall labelinfor-
mationwasregistered.

Assessmentof compliancewith Europeanseafoodlabelling legislation
Determinationof tunacommercialproductsmislabellingwascarriedout takinginto consider-
ation theadequateEuropeanregulation:

· (EC)No 852/2004whereit isestablishedthedefinition of processedandunprocessedfood
(i.e.freshandfrozentunafall into thecategoryof unprocessedfisheryandaquacultureprod-
ucts,whilecannedtunainto theprocessedones).

· EEC1536/92whereit isstatedthatpreservedtunaandbonito mustbepreparedexclusively
from certainfishspecies(i.e.tunacansshouldcontainonly any������� speciesor ������
����� 	
����), mixing of speciesisnot allowedin eachtin (unlessmuscularstructurehas
disappeared),only commercialnamesarerequired

· EU1379/2013indicatingtherequiredinformation to bepresentedto consumers,amongoth-
erscommercialandscientificnames(thelatterexceptfor cannedandotherpreparedprod-
uctssuchassalads).

· Also,all memberstateshavetranslatedtheseEuropeanregulationsinto nationallegislation,
themainaspectto beconsideredis thespecificdenominationthateachcountryestablishes
to designatedifferenttunaproducts,including fresh,frozenandcannedtuna.A summaryof
thesedenominationsispresentedin S2Table.

DNA extraction,amplification andanalysis
SamplescreeninginvolvedfiveEuropeanlaboratorieswith extensiveexperiencein seafood
authenticity.Eachlabalsocarriedout blind-samplering trials to ascertainconsistencyof the
methodsusedto identify fishspecies(full detailsof theseexperimentsarepresentedin S1File).

Tuna mislabelling in European markets
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A summaryof themethodsemployedin thisstudyispresentedin S3Table,wherethespe-
cific DNA extractioncommercialkits,primersused,molecularregionsandsizeof theampli-
cons,DNA sequencingprocedureandsequenceanalysisareindicated.

DifferentmitochondrialDNA targetregionswereusedin thelaboratoriesinvolvedin the
study:cytochromeb,cytochromeoxidaseI andcontrol region.Tunaspeciesin freshandfro-
zenproductswereidentifiedusinglargerfragments,464bp for cytochromeb marker,650bp
for cytochromeoxidaseI and450bp for thecontrol regionmarker[20,21].In thecaseof
cannedtunamostlaboratoriesusedcytochromeb markersof shortersize,187and176bp
[9,22],exceptfor France,whichusedashortcontrol regionfragmentof 150bp [8].

PrimersandPCRprotocolsarespecifiedin S4Table.Oncecheckedbyagaroseelectropho-
resisin 1±2%agarosegels,PCRproductsweresequenced.SubsequentDNA sequenceanalysis
wasperformedasindicatedin S3Table.Briefly,sequenceswereeditedusingChromas(Tech-
nelysium),Bioedit[23] andGeneDoc[24] andmatchedagainstNCBI databaseusingthe
nucleotideBLAST(BasicAlignmentSearchTool) andtheBOLD(Barcodeof Life) database
for theCOI sequences[25]. Specieswereidentifiedusinga99%minimum matchcriterion,
with theexceptionof ������� �������
� and�. ��
���, wherethethresholdwas100%[26].
Foranunequivocalidentification,laboratoriesfrom Spain,FranceandGermanyalsocon-
structedNeighbor-JoiningtreesusingMEGA software[27] with their ownreference
sequencesusingTamura-Neidistances.

Sequenceslongerthan200bpwereuploadedin GenBank(accessionnumbers:Germany
KJ531289to KJ531379;FranceKJ535741to KJ535783;SpainKJ623816to KJ623830;Portugal
MF067430to MF067499)andBOLDdatabasein thecaseof COI sequences(UK andROI
KJ510424KJ531384andKJ563141-KJ645864)

Samplescontainingadifferentspeciesthantheonedeclaredin thelabelwereconsidered
mislabelled.Whenonly thecommercialnamewaspresent,mislabellingrecordswereobtained
by followingeachcountry'slist of approvedcommercialdesignationfor tunas(S2Table).
Whenthescientificnamewaspresent,it wastheonetakenasareferenceto comparewith the
analyticalresult.

Statisticalanalysis
SoftwareGraphPadPrismwasusedto performpairwisecomparisonsbetweendatasetsusing
Chi-squarewith Yate'scorrectionandcorrelationanalysisfor thedependencebetweennum-
berof samplesandmislabellingrate.

Resultsanddiscussion
545tunasamples±ofwhich225fresh& frozen,268cannedand52miscellaneous(e.g.dried,
roes,saladsetc.)±weresuccessfullysequencedandidentified(for moredetailedinformation
abouttheresultsof previoustunaspeciesidentificationring trialsseeS1File);37of themwere
mislabelled,makinganoverallmislabellingrateof 6.79%(Fig1).Thisstudyisnot only the
largestsamplingeffort reportedfor tunaproductsbut alsoonethat involvessixdifferentEuro-
peancountries.Previouslyreportedmislabellingratesfor tunawereveryvariable,on average
18%[15], mainlybecausetheseratesmaychangeovertime andalsobecausethetypeof retailer
or provenanceof samplesinfluencedramaticallytheresultsobtained.Themuchlowervalue
foundheremaybeanindicationof theimpactof labellinglegislationandcontrol, themass
mediacoverageof foodfraudwith theconsequenceof consumerbeingmoreawareof food
labels[8].

Themislabellingratewasnot significantlydifferent(Chi-square= 0.1045;df = 1;
P= 0.3733)betweenfresh& frozenandcannedtuna,6.70%and7.84%,respectively,while the

Tuna mislabelling in European markets
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miscellaneousproductsshowed1.92%mislabelling(not significativedifferencesamongthem).
Previousworkshavereportedhighermislabellingrates,recentlyGordoaetal.[16] haveshown
that freshandfrozentunain Spainwasmislabelledup to 37%atpointsof sale,while in restau-
rantsthemislabellingratewasevenhigher,48%.In apreviousreport from Oceana[28], tuna
samplesobtainedatdifferentpointsof thevaluechainin differentstatesof theUSAshowed
that58%of tunaproductsweremislabelled.However,thisoveralldatamaynot becomparable
directly,becausethespecifictypeof tunaproducts(i.e.species)havearelevantinfluenceon
thefinal mislabellingrate.

Fig1A showsthatsmalldifferencesbetweenmislabellingrateswereobservedamongPortu-
gal,France,Ireland,UK andGermany(not significant),with Franceshowingthelowestmisla-
bellingrateof thestudy.On theotherhand,Spainshowedthehighestmislabellingrates,with
significantdifferenceswith thoseof FranceandUK (Chi-square= 3.0760;df = 1;P= 0.0397
andChi-square= 3.2840;df = 1;P= 0.0350,respectively).However,theseoverallmislabelling
ratesdid not reflectthemislabellingsituationof differenttunaproducts:i.e.whilesomeprod-
uctsexhibited1.92%mislabellingrate(for examplethecategoryªmiscellaneousº),freshand

Fig 1. Collectedsamplesandmislabelling rate for tuna seafoodproductsacrosssix Europeancountries.Fig1A:Numberof collectedsamplesand
mislabelling rates(redbars)for all analysedtunaproductsin sixEuropeancountries.Statisticaldifferencesareshownby letters,differentlettersindicate
P<0.05.Fig1B:Numberof collectedsamplesandmislabelling rates(redbars)for freshandfrozentunaproductsin sixEuropeancountries. Statistical
differencesareshownby letters,differentlettersindicateP<0.05.Fig1C:Numberof collectedsamplesandmislabelling rates(redbars)for cannedtuna
productsin sixEuropeancountries.

https://doi.org/10.1371/journal.pone.0196641.g001
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frozentunaproductsweremislabelledat6.70%(Fig1B).In fact,wehaveobservedsignificant
differencesfor freshandfrozentunafor Spain(25%)comparedwith Ireland(0%,Chi-
square= 3.2250;df = 1;P= 0.0363),UK (3.7%,Chi-square= 7.3940;df = 1;P= 0.0033)and
Germany(4.7%,Chi-square= 5.1300;df = 1;P= 0.0118).Cannedsamplespresentedanoverall
mislabellingrateof 7.84%,in thiscasedifferencesin cannedtunaamongcountries,ranging
from 3.45%(France)to 13.04%(Germany)werenot significant(Fig1C).

Additionally,no significantcorrelationwasfoundbetweenthenumberof samplestakenin
eachcountryfor eachcategoryor theseafoodconsumptionratio perhabitantandthemisla-
bellingrate(datanot shown),thereforeotherfactorsshouldbeconsideredwheninterpreting
theresultsobtained.

Theanalysisof theinfluenceof thetypeof labellingin thefinal mislabellingratecanbe
observedin Fig2 andS5Table.Althoughasignificantcorrelationcouldn'tbeestablished
amongthenumberof sampleslabelledastunaandthemislabellingratein aparticularcountry
(datanot shown),theinfluenceof samplingtunaproductwith Atlantic Bluefintunalabelcan
beclearlyseenin thechangesin mislabellingrates:whentheseproductsareexcludedin the
mislabellingratecalculation,thedifferencesamongcountrieswerenot significant.In fact,
whileoverallmislabellingratedropsdownto 1%in thecaseof labellingjust tuna,it goesup
(88%)in thecaseof Atlantic Bluefintunalabelledproducts.Theseresultsagreewith theresults
foundbyVandammeetal.[29] that reportedalow mislabellingratefor tunain sushiof about
10%,but whichrisesup to 18%whentunaspeciesisconsideredin thelabelling.Likewise,Gor-
doaetal.[16] reporteda73%of mislabellingfor Atlantic Bluefintunaandpointstowardseco-
nomicgainasthemain reasonfor mislabellingtuna.Atlantic Bluefinmislabellinghasbeen
highlightedasanexampleof inverserelationshipbetweenlow volumecatchesandhighpro-
portion of substitution;offeranddemanddo not matchandtheresultisaveryhighmislabel-
ling rate[30].

In thecaseof cannedtuna,includingspeciesin thelabelprovokedanincreasein themisla-
belling(Fig3andS6Table),andsignificantdifferencescouldbeobservedin overallvalues,
from 1%mislabellingratefor Tunalabellingup to 10%mislabellingrateswhenspeciesare
indicatedin thelabel(Chi-square= 4.381,p = 0.0182).Generalnamessuchastuna,which
includeanyspeciesof thegenus������� and�. 	
����, wereassociatedwith verylow misla-
bellingrates(0%),while indicatingthespeciesin thecanresultedin ahighermislabellingrate
(17±60%)(S6Table).In general,thesemislabellingrateswerelowerthanthosefound for fresh
or frozentunaproducts.

Current labellinglegislationin EU establishestheobligationto indicatecommercialname
andspeciesin thecaseof fresh,frozen,smokedanddriedseafoodproducts(EU1379/2013).
However,wehavefoundmanyfreshandfrozentunaproducts,from 29%in Portugalup to
100%in Ireland,whichwerestill labelledwith thegenericnametuna(S5Table).Althoughwe
did not considerthemmislabelledin thisstudy,theseresultsindicateapoor implementation
of labellingrulesacrossEurope.In thecaseof cannedproducts,legislationallowstheuseof
genericnames,suchastuna,andasit canbeseenhere,sampleswith thegenericnametuna
haveshownverylow mislabellingrates.Thesedifferencesin labellingrequirementsbetween
fresh/frozenandcannedtunaaredifficult to understandfrom aconsumerpoint of viewasthe
sameneedfor information shouldberequired.In fact,thecampaignªonefish,onenameº
advocatesfor theestablishmentof morespecificnamesfor everytypeof seafoodproduct[31]
andthemainobjectiveis to empowerconsumersto makemoreaccuratepurchasingdecisions.
Theimplementationof thisapproachwill helpto betterprotectresourcesandto fight illegal
fishingpractices.

Fig4andS7Tableshowthetypeof substitutionobservedin theanalysedsamples.Frozen
andfreshsamplesexhibitedtwo main typesof substitutions,affectingtheproductslabelledas

Tuna mislabelling in European markets
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�. �������
� and�. �������. In thecaseof �. ������� (7 samplesmislabelled),commercially
labelledasAtlantic Bluefintuna,thon Rougeor atuÂn Rojo,thelevelsof substitutionby �. �����
���
� or �. ��
��� weresimilar (43%).More mislabelledsampleswerefound for �. �������
�
(Yellowfin,thon Albacore,atundealetaamarilla),in thiscaseonly onespecies,�. ��
���, was
found to substitutethisspecies.In this lattercase,unintentionalsubstitutionmaytakeplace
dueto occurrenceof mixedschoolsof bothspecies,whichareverysimilarasjuveniles[32],
andcanbecapturedat thesametime.

In termsof species,substitutionresultsin cannedtunaweredifferentfrom thoseof fresh
andfrozentuna.CannedtunalabelledasYellowfin,Light tuna,thon albacoreandatuÂn Claro
werereplacedby �. �������� (50%of samples,all of themfrom Spain),�. ��
��� (20%,noneof
themweresamplesfrom Spain,nationallegislationallowsin thiscountryto label�. ��
��� as
atuÂn Claro)and�. 	
���� (20%of thesamples)and�. ���
�
����� (10%).This isanexampleof
lackof coherencein theEuropeanlegislation:in onecountry,it ispermittedto label�. �����
���
� or �. ��
��� asLight tuna(Spain),while in theotherEuropeancountriesisnot allowed.
Onemight expectthat thismayhaveanimpacton themislabellingratesfound for Light tuna
in Spain,however,mislabellingratesfor thisproductweresimilar to othercountrieswhere
only �. �������
� canbeusedin Light tunacanproduction.Theresultsshownin S6Tableindi-
catethatpercentof sampleslabelledgenericallyastunahasanimpactin themislabellingrate
of thecountryfor cannedtuna,sincethis typeof productspresentmislabellingratescloseto
0%.

Samplesof �. 	
���� wereonly relevantin UK, Germany,FranceandIreland,while in
countrieslike SpainandPortugalisverydifficult to find cannedtunalabelledas�. 	
����. In

Fig 2. Mislabelling rate for freshand frozen tuna seafoodproductsacrosssix Europeancountries.Overallmislabelling rates(OVERALL MR) for freshandfrozen
tunaproductsandmislabelling rateof productsexcludingthoselabelledasAtlantic Bluefintuna(MR EXCLUDING ABFT)in sixEuropeancountries.Statistical
differencesareshownby letters,differentletterindicateP<0.05.

https://doi.org/10.1371/journal.pone.0196641.g002
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thecaseof �. 	
���� labelledcansboughtin theUK, all mislabelledsamplesweresubstituted
by �. �������
���. ��
���. Thistypeof substitutionhasbeenreferredbysomeauthorsasreverse
substitution,acheaperspeciesissubstitutedbyanexpensiveone,andthatmaybeanindica-
tion of hiding aproductfrom aIUU fisherypractice[16]. Anothersubstitutionwasfound in
Germanywhere�. �������� wassubstitutedby �. 	
����. Theseresultsmayindicatethatdif-
ferentvaluechains,fresh/frozentunaandcannedtunarely in differentprovidersof rawmate-
rial, besidestheculturalaspectsof eachparticularmarket(i.e.Spanishconsumersvaluelight
appearancemeatin cannedtunawhile this featuremaybenot asrelevantin otherEuropean
markets).

It hasbeenreportedthat identificationof the������� specieswith mtDNA markersmay
presentsomeproblemsdueto low interspecificvariabilityandintrogressionissues.

Oneof theproblemsis thelow geneticdistancefoundbetween�. �������� and�. ��
�����.
Thereisalsoalow percentageof specimensof Atlantic BluefinTuna(ABFT)whichexhibit
almostthesamesequenceasPacificBluefinTuna(PBFT)usingsomemtDNA markersand
viceversa[26]. However,in our samplestherewerenot anyof thesecases(i.e.asample
labelledasABFTbut beingidentifiedasPBFT)andalthoughthecurrent legislationwould
considerthisexamplemislabelled(freshandfrozentuna)thisproblemdoesnot affectour mis-
labellingresults.ThereisalsointrogressionbetweenABFTand�. ��������, 2±3%of ABFT
specimensshowingmitochondrialsequencesof �. ��������, but againwedid not find any
sampleswith thissituation.Therefore,weconcludethat in thepresentstudytheseissuesare
not affectingour mislabellingresults.

After looking into tunaproductlabellingacrossasignificantportion of thelargestglobal
playerin seafoodtrade(i.e.theEuropeanUnion), it isapparentthat thishigh-demandand

Fig 3. Mislabelling rate for cannedtuna seafoodproductsacrosssix Europeancountries.Overallmislabelling rates(OVERALL MR) for cannedtunaproducts
andmislabelling rateof productswith labelsindicatingspecies(MR INCLUDING SPECIES)in sixEuropeancountries.

https://doi.org/10.1371/journal.pone.0196641.g003
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widelymarketedfoodcategoryepitomisesall thekeychallengesof globalseafoodsustainability
andtraceability.First,mostof theproductsrelyon catchesfrom distantand/or tropicalwaters
andarangeof processingavenues,all of whichposesthelogisticchallengesof alongandcom-
plexsupplychain.Secondly,ªtunaº isoneof thegeneralªumbrellaºtermsunderwhichmany
specieswith diversebiologicaltraitscontinueto betraded,especiallyin geographicareas
exportinghighvolumesof seafoodto Europe[33]. Collectively,theopportunitiesfor species
substitution,beit for deliberatelymaximisingfinancialgainor throughsheerlogisticerrors/
mismanagement,remainhigh;sodoestheexposureof consumersto alackof transparency
thatpreventsenvironmentallyconsciouspurchasingdecisionand/ormayresultin inadvertent
consumptionof unhealthyproducts(e.g.highheavymetalcontent,[34]). Progressin thisarea
canbeachievedthrougharobustinternationalpolicyof accuratespecies-levellabellingand
coordinatedgovernanceefforts.

Supporting information
S1Table.Tuna samplescollectedin six Europeancountriesbetween2012and2014.
(DOCX)

Fig 4. Tuna speciesidentified in mislabelledsamples.Freshandfrozen:tunaspeciesidentifiedin mislabelled freshandfrozentunasamples.Canned:tuna
speciesidentifiedin mislabelledcannedtunasamples.N: numberof mislabelledsamples,numberin bracketsindicatesthenumberof sampleswhereaparticular
tunaspecieswasidentified.

https://doi.org/10.1371/journal.pone.0196641.g004

Tuna mislabelling in European markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0196641 May 16, 2018 9 / 12



S2Table.Commercialdenominationsof tuna in EU andsix memberstates(ES,PT, UK,
ROI, FR,GER).
(DOCX)

S3Table.DNA analysismethodsusedin this studyby the participant laboratories.
(DOCX)

S4Table.Primers sequencesandPCRprotocolsusedin the study.
(DOCX)

S5Table.Number of samplesof freshand frozen tuna analysedandmislabelling results
split by typeof label.
(DOCX)

S6Table.Number of samplesof cannedtuna analysedandmislabelling resultssplit by
typeof label.
(DOCX)

S7Table.Specieswhich appearassubstitute in the mislabelledsamples.
(DOCX)

S1File. Tuna speciesidentification ring trials.
(DOCX)

Acknowledgmen ts
WeacknowledgeAnxelaAldrey,RoswithaKochandRainerKuÈndigerfor their technical
assistance.

Thework wasfundedbyLABELFISHproject,supportedby theEU Atlantic AreaPro-
grammeProjectNumber2011-1/163andtheUK Departmentfor Environment,Food& Rural
AffairsgrantFA0116.

Author Contributions
Conceptualization:CarmenG.Sotelo,RicardoI. Perez-Martin,UteSchroÈder,VeÂronique

Verrez-Bagnis,RogeÂrio Mendes,HelenaSilva,StefanoMariani,AndrewGriffiths.

Formal analysis:AmayaVelasco,KristinaKappel,MarcJeÂroÃme,AndrewGriffiths.

Funding acquisition:CarmenG.Sotelo,UteSchroÈder,VeÂroniqueVerrez-Bagnis,RogeÂrio
Mendes,StefanoMariani.

Methodology:CarmenG.Sotelo,AmayaVelasco,KristinaKappel,UteSchroÈder,VeÂronique
Verrez-Bagnis,MarcJeÂroÃme,RogeÂrio Mendes,HelenaSilva,StefanoMariani,Andrew
Griffiths.

Projectadministration: CarmenG.Sotelo,RicardoI. Perez-Martin,UteSchroÈder,VeÂronique
Verrez-Bagnis,RogeÂrio Mendes,StefanoMariani.

Writing ± original draft: CarmenG.Sotelo,AmayaVelasco.

Writing ± review& editing: CarmenG.Sotelo,AmayaVelasco,RicardoI. Perez-Martin,Kris-
tina Kappel,UteSchroÈder,VeÂroniqueVerrez-Bagnis,MarcJeÂroÃme,RogeÂrio Mendes,
HelenaSilva,StefanoMariani,AndrewGriffiths.

Tuna mislabelling in European markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0196641 May 16, 2018 10 / 12



References
1. BeÂnard-Capelle J, Guillonneau V, Nouvian C, Fournier N, Le LoeÈt K, Dettai A. Fish mislabelling in

France: substitution rates and retail types. PeerJ. 2015; 2: e714. https://doi.org/10.7717/peerj.714
PMID: 28462014

2. Cutarelli A, Amoroso MG, De Roma A, Girardi S, Galiero G, Guarino A, et al. Italian market fish species
identification and commercial frauds revealing by DNA sequencing. Food Control. Elsevier Ltd; 2014;
37: 46±50. https://doi.org/10.1016/j.foodcont.2013.08.009

3. Garcia-Vazquez E, Perez J, Martinez JL, Pardi�xasAF, Lopez B, Karaiskou N, et al. High level of misla-
beling in Spanish and Greek hake markets suggests the fraudulent introduction of African species. J
Agric Food Chem. 2011; 59: 475±480. https://doi.org/10.1021/jf103754r PMID: 21175190

4. Warner K, Lowell B, Geren S, Talmage S. Deceptive Dishes: Seafood Swaps Found Worldwide. 2016;
24. Available: http://usa.oceana.org/publications/reports/deceptive-dishes-seafood-swaps-found-
worldwide

5. Jacquet JL, Pauly D. Trade secrets: Renaming and mislabeling of seafood. Mar Policy. 2008; 32: 309±
318. https://doi.org/10.1016/j.marpol.2007.06.007

6. Mariani S, Cawthorn DM, Hanner R. Mislabeling Seafood Does Not Promote Sustainability: A Comment
on Stawitz et al. (2016). Conservation Letters. 2017. https://doi.org/10.1111/conl.12346

7. D'Amico P, Armani A, Gianfaldoni D, Guidi A. New provisions for the labelling of fishery and aquaculture
products: Difficulties in the implementation of Regulation (EU) n. 1379/2013. Mar Policy. 2016; 71: 147±
156. https://doi.org/10.1016/j.marpol.2016.05.026

8. Mariani S, Griffiths AM, Velasco A, Kappel K, Jerome M, Perez-Martin RI, et al. Low mislabeling rates
indicate marked improvements in European seafood market operations. Front Ecol Environ. 2015; 13:
536±540. https://doi.org/10.1890/150119

9. Mackie IM, Pryde SE, Gonzalez-Sotelo C, Medina I, Perez-Martin RI, Quinteiro J, et al. Challenges in
the identification of species of canned fish. Trends Biotechnol. 1999; 10: 9±14.

10. Griffiths AM, Sotelo CG, Mendes R, PeÂrez-MartõÂn RI, SchroÈder U, Shorten M, et al. Current methods for
seafood authenticity testing in Europe: Is there a need for harmonisation? Food Control. 2014; 45: 95±
100. https://doi.org/10.1016/j.foodcont.2014.04.020

11. FAO. Overview of the world `s anchovy sector and trade possibilities for Georgian anchovy products.
Eurofish Int Orgnization. 2012;

12. ISSF. Status Of The World Fisheries For Tuna. Feb. 2017. ISSF Tech Rep. 2017; 2.

13. The spectre of uncertainty in management of exploited fish stocks: The illustrative case of Atlantic blue-
fin tuna. Mar Policy. Pergamon; 2014; 47: 8±14. https://doi.org/10.1016/J.MARPOL.2014.01.018

14. Everstine K, Spink J, Kennedy S. Economically Motivated Adulteration (EMA) of Food: Common Char-
acteristics of EMA Incidents. J Food Prot. 2013; 76: 723±735. https://doi.org/10.4315/0362-028X.JFP-
12-399 PMID: 23575142

15. Pardo MAÂ, JimeÂnez E, PeÂrez-Villarreal B. Misdescription incidents in seafood sector. Food Control.
2016. pp. 277±283. https://doi.org/10.1016/j.foodcont.2015.10.048

16. Gordoa A, Carreras G, Sanz N, Vi�xasJ. Tuna species substitution in the Spanish commercial chain: A
knock-on effect. PLoS One. 2017; 12: 1±15. https://doi.org/10.1371/journal.pone.0170809 PMID:
28125686

17. Anonim. Too cheap to be true: Seafood fraud in Brussels. Ocean Eur. 2015; 1±5.

18. Hanner R, Becker S, Ivanova N V., Steinke D. FISH-BOL and seafood identification: Geographically dis-
persed case studies reveal systemic market substitution across Canada. Mitochondrial DNA. 2011; 22:
106±122. https://doi.org/10.3109/19401736.2011.588217 PMID: 21980986

19. Commission E. Fish Substitution 2015 [Internet]. 2015. Available: https://ec.europa.eu/food/safety/
official_controls/food_fraud/fish_substitution/tests_en

20. Burgener M. Molecular species differentiation of fish and mammals. Bern, Switzerland. 1997.

21. Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PDN. DNA barcoding Australia's fish species. Philos
Trans R Soc B Biol Sci. 2005; 360: 1847±1857. https://doi.org/10.1098/rstb.2005.1716 PMID:
16214743

22. Meyer A. Evolution of mitochondrial DNA in fishes. In: Hochachka P.W. MTP, editor. Biochemistry and
Molecular Biology of fishes. Amsterdam: Elsevier Science; 1993.

23. Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows
95/98/NT. Nucleic Acids Symp Ser. 1999; 41: 95±98. doi:citeulike-article-id:691774

24. Nicholas KB, Nicholas HB Jr, Deerfield DW II. embnet.news. embnet.news. 1997; 42: 1±22.

Tuna mislabelling in European markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0196641 May 16, 2018 11 / 12



25. Ratnasingham S, Hebert PDN. BARCODING, BOLD: The Barcode of Life Data System (www.
barcodinglife.org). Mol Ecol Notes. 2007; 7: 355±364. https://doi.org/10.1111/j.1471-8286.2007.01678.
x PMID: 18784790

26. Vi�xasJ, Tudela S. A Validated Methodology for Genetic Identification of Tuna Species (Genus Thun-
nus). Kayser M, editor. PLoS One. Public Library of Science; 2009; 4: e7606. https://doi.org/10.1371/
journal.pone.0007606 PMID: 19898615

27. Kumar S, Nei M, Dudley J, Tamura K. MEGA: a biologist-centric software for evolutionary analysis of
DNA and protein sequences. Brief Bioinform. 2008; 9: 299±306. https://doi.org/10.1093/bib/bbn017
PMID: 18417537

28. Warner K, Timme W, Lowell B, Hirshfield M. Oceana study reveals seafood fraud nationwide. Oceana.
2013; 1±69.

29. Vandamme SG, Griffiths AM, Taylor S-A, Di Muri C, Hankard EA, Towne JA, et al. Sushi barcoding in
the UK: another kettle of fish. PeerJ. 2016; 4: e1891. https://doi.org/10.7717/peerj.1891 PMID:
27069819

30. Stawitz CC, Siple MC, Munsch SH, Lee Q, Derby SR. Financial and Ecological Implications of Global
Seafood Mislabeling. Conserv Lett. 2017; 0: 1±9. https://doi.org/10.1111/conl.12328

31. Lowell B, Mustain P, Ortenzi K, Warner K. One Name, One Fish: Why Seafood Names Matter. Oceana.
2015; 1±12. Available: http://usa.oceana.org/sites/default/files/onenameonefishreport.pdf

32. Bartlett SE, Davidson WS. Identification of Thunnus Tuna Species by the Polymerase Chain Reaction
and Direct Sequence Analysis of their Mitochondrial Cytochrome b Genes. Can J Fish Aquat Sci. NRC
Research Press; 1991; 48: 309±317. https://doi.org/10.1139/f91-043

33. Xiong X, D'Amico P, Guardone L, Castigliego L, Guidi A, Gianfaldoni D, et al. The uncertainty of sea-
food labeling in China: A case study on Cod, Salmon and Tuna. Mar Policy. Elsevier; 2016; 68: 123±
135. https://doi.org/10.1016/j.marpol.2016.02.024

34. Lowenstein JH, Burger J, Jeitner CW, Amato G, Kolokotronis S-O, Gochfeld M. DNA barcodes reveal
species-specific mercury levels in tuna sushi that pose a health risk to consumers. Biol Lett. 2010; 6:
692±695. https://doi.org/10.1098/rsbl.2010.0156 PMID: 20410032

Tuna mislabelling in European markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0196641 May 16, 2018 12 / 12


