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A B S T R A C T

Seafood mislabelling is a global issue that affects consumers, target species, and the ability to manage fisheries.
Due to their high demand and value, groupers (Epinephelinae spp.) are frequent targets for fraudulent sub-
stitution on the world's major seafood markets. Yet, little is known on the prevalence of grouper mislabelling in
the Wider Caribbean Region. We conducted the first ‘grouper’ authentication survey in the Turks and Caicos
Islands (TCI), a luxury tourist destination where the locally caught but critically endangered Nassau grouper
(Epinephelus striatus) features prominently on menus. DNA barcoding was used to assess mislabelling of market
samples and simultaneously to gauge compliance with the Nassau grouper closed season. Our genetic analyses
did not detect banned Nassau grouper, but only 18% of samples from restaurants and stores were confirmed as
Epinephelinae (i.e. groupers), and 96% were mislabelled in some way. Substitutes for grouper mostly comprised
freshwater catfish (Pangasianodon hypophthalmus; 57% of samples) and snappers (Lutjanidae; 25%), whereas
samples sold as ‘local grouper’ were from Indo-Pacific or Asian inland waters. Only 22% of samples were
matched to species found locally, all being cubera snapper (Lutjanus cyanopterus). Our study suggests that (i)
mislabelling is motivated predominantly by financial incentives and/or driven by low supplies of groupers, (ii)
local fishers are not the main source of mislabelled grouper into the supply chain, and (iii) the primary victims
are consumers, fishing communities, and ultimately fragile fish stocks. Our findings can be used to help improve
transparency, traceability and accountability in local seafood supply chains.

1. Introduction

Groupers (subfamily Epinephelinae, family Serranidae) are an as-
semblage of mostly reef-dwelling fishes comprising ca. 160 species in
16 genera (Craig et al., 2011; Fricke et al., 2020; Froese and Pauly,
2019). They are heavily exploited throughout their predominantly
tropical and subtropical ranges, where they maintain a high market
value, and are important components of industrial, small-scale, and
artisanal fisheries (Heemstra and Randall, 1993; Sadovy de Mitcheson
et al., 2013). Unfortunately, many groupers have life-history char-
acteristics that make them vulnerable to fishing, including attaining
large sizes, being long-lived, maturing late, and forming spawning ag-
gregations (Coleman et al., 2000), and most species are components of
complex multi-species reef fisheries that are difficult to manage
(Roberts and Polunin, 1993; Amorim et al., 2018). As a consequence,
grouper populations have declined (Sadovy de Mitcheson et al., 2013)

and 16% of species are currently classified as being at risk of extinction
(‘critically endangered’, ‘endangered’, ‘vulnerable’ or ‘near threatened’)
by the International Union for Conservation of Nature (IUCN, 2020),
with many data deficient species also likely to be vulnerable or en-
dangered (Luiz et al., 2016).

In the Wider Caribbean Region, Nassau grouper (Epinephelus
striatus) was once one of the most important fisheries targets (Sadovy,
1999). However, the species is now commercially extinct in a number
of countries from its former range (Sadovy and Eklund, 1999) and is
considered ‘critically endangered’ by the IUCN (Sadovy et al., 2018). In
response, all harvests of Nassau grouper have been banned in Bermuda
and the USA (including Puerto Rico and the US Virgin Islands) and
seasonal closures designed to prevent fishing of spawning aggregations
have been implemented in the Bahamas, Belize, Cayman Islands, Do-
minican Republic, Mexico, and the Turks and Caicos Islands (TCI). In
2017, the species was added to Annex III of the ‘Protocol Concerning
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Specially Protected Areas and Wildlife (SPAW) in the Wider Caribbean
Region’ of the Cartagena Convention (UNEP, 2017). Although it re-
mains questionable whether any sustainable fisheries of Nassau grouper
persist (Cheung et al., 2013), the highest populations of Nassau grouper
are believed to remain in the Bahamas, Belize, Cuba, and the TCI (REEF,
2019).

Seafood misrepresentation is a widespread problem with potentially
serious economic, environmental and human health repercussions
(Jacquet and Pauly, 2008). Incidents of mislabelling have been reported
from over 50 countries (Warner et al., 2016), and a recent meta-analysis
estimated the most credible global rate of mislabelling to fall between 4
and 14% (mode = 8%; Luque and Donlan, 2019). While some of this
mislabelling may be accidental (e.g. due to species misidentifications,
confused nomenclature and regulatory ambiguities), the deliberate and
fraudulent mislabelling of seafood is commonplace and occurs at mul-
tiple nodes in the supply chain (Hu et al., 2018; Shehata et al., 2018).
Reasons for intentionally falsifying the identity or provenance of sea-
food can include increasing profits, evading regulations and restrictions
to trade, masking ethical concerns and health risks from consumers, and
laundering of illegally sourced products into legitimate markets
(Warner et al., 2016; Fox et al., 2018; Donlan and Luque, 2019). Due to
their high value and strong demand, groupers are among the primary
candidates for seafood fraud. Globally, the rate of grouper mislabelling
is estimated at 30% (Luque and Donlan, 2019), with substitutes typi-
cally being lower-valued and often foreign farmed species (Table A1,
Suppl. Info.). Although high levels of grouper mislabelling have been
observed in Belize (ca. 69% of samples; Cox et al., 2013), the extent to
which such mislabelling is occurring throughout the rest of the Wider
Caribbean Region remains unquantified.

Here, we address this issue by conducting the first structured
grouper authentication survey across the TCI, a small archipelago

nation and luxury tourist destination in the Wider Caribbean Region. As
part of the TCI's cultural heritage, and being popular among foreign
visitors, ‘grouper’ has long held a prominent place on local markets and
menus. However, the foundations for mislabelling in the TCI appear to
be strong: (1) mislabelling would be profitable because ‘grouper’ has
one of the highest values of local seafood, with ex-vessel prices for
whole fish reaching USD 15 kg−1, main courses ranging from USD 18 to
42, and fillets in supermarkets often exceeding USD 100 kg−1; (2)
‘grouper’ is the most popular local fish, but fishers focus on alternative
species and are unable to meet the demand (Rudd, 2003, 2004; author's
unpublished data), a problem exacerbated by the continued growth of
resident and tourist populations (Turks and Caicos Statistics
Department, 2019) and by tighter fishing regulations; (3) substitutes for
grouper are available locally, such as domestically caught fish including
lower-value reef fishes and unmarketable or illegal product (as ob-
served in Belize; Cox et al., 2013); (4) vendors are unlikely to be held
accountable for mislabelling as they have a high turnover of short-stay
tourist customers, many of whom may not be able to tell when grouper
is substituted (Ropicki et al., 2010); and (5) there is no government
monitoring of seafood labelling.

In addition, public concern over the health risks from mislabelled
fillets of undesirable species has been documented in the TCI
(Schneider, 2012), and there are numerous anecdotal reports from both
residents and visitors that alternative species are being sold as
‘grouper’, in particular imported farmed species and banned parrotfish.
It is also suspected that Nassau grouper is disguised as other species of
grouper during its closed season. Therefore, to explore these possibi-
lities, we employed a forensically-validated DNA barcoding method
(Dawnay et al., 2007) to elucidate the species diversity underpinning
the local ‘grouper’ trade, with the core aims of: (i) evaluating the level
of grouper mislabelling in the TCI, and (ii) investigating possible
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circumvention of the Nassau grouper closed season by labelling E.
striatus as other species.

2. Materials and methods

2.1. Study area

The study was conducted in the TCI, a British Overseas Territory in
the Wider Caribbean Region (Fig. 1). The TCI is a small country with ca.
40,000 permanent residents, and an economy based on high-end
tourism, offshore banking, and small-scale fisheries (Tietze et al., 2006;
Turks and Caicos Statistics Department, 2019). Although approximately
250 full-time commercial fishers operate throughout the TCI (Calosso
and Claydon, 2016), seafood is predominantly landed on the islands of
South Caicos and Providenciales, the latter also being the centre of
tourism in the country. Since the 1950s, TCI fisheries have focused on
queen conch, Lobatus gigas, and spiny lobster, Panulirus argus, primarily
caught by free-diving fishers and exported to the USA (Béné and
Tewfik, 2001; Rudd, 2003). Historically, reef fishes were mostly
speared opportunistically by lobster fishers (Medley and Ninnes, 1999;
Rudd, 2003). More recently, the growing demand from tourism and
rising TCI population has led to a fishery specifically targeting reef
fishes for the domestic market (Rudd, 2003). Although up to 19 species
of Epinephelinae are reported to be found in TCI waters (Table A2,
Suppl. Info.), ‘grouper’ is the common name often used specifically for
Nassau grouper, especially among fishers (author's unpublished data).
However, the term is more ambiguous when used on menus, particu-
larly those targeting tourists.

2.2. Sample collection

We collected samples from restaurants and stores across
Providenciales and South Caicos during the Nassau grouper closed
season (December 2017 – February 2018), as well as one during the
open season for Nassau grouper (March 2018). We screened a total of
38 samples, including 34 from meals purchased in restaurants (all
cooked) and confirmed as ‘grouper’ on the menus or verbally by ven-
dors, and four from fillets labelled as ‘grouper’ in stores (all fresh). The
stated common names of all samples were recorded. Although we at-
tempted to balance the sample sizes from restaurants and stores, col-
lections were inevitably based on availability in the given outlets, with
ca. 50% of all visited restaurants and 80% of stores, markets, and road-
side stalls that sell fish not having grouper for sale on the days of
sampling. Consequently, samples were taken from 18 restaurants and 2
stores.

Following collection, tissue sub-samples (ca. 2 mm thick) were ex-
cised from each specimen, placed in 2-ml labelled microcentrifuge
tubes containing silica beads (minimum 10:1 ratio of silica to fish
tissue) and were kept frozen (−20 °C) until transferal to the UK la-
boratory. This sample preservation method was preferred over im-
mersion in ethanol or other flammable liquids to avoid potential issues
with transporting the samples by air.

2.3. DNA analysis

We extracted genomic DNA from each sample using a Chelex resin
protocol (Estoup et al., 1996). A ca. 650 base-pair fragment of the
mitochondrial cytochrome c oxidase I (COI) gene was subsequently
amplified by polymerase chain reaction (PCR) using the fish-barcoding
primer cocktail (C_FishF1t1/C_FishR1t1), reaction mixtures and
thermal cycling regime from Ivanova et al. (2007). A detailed de-
scription of the molecular methods is provided in the Supplementary
Information. PCR products were purified and sequenced by Macrogen
Europe (Amsterdam, Netherlands). Quality edited sequences were
thereafter identified in GenBank (www.ncbi.nlm.nih.gov), cross-refer-
encing the results in the Barcode of Life Database (BOLD, www.

boldsystems.org) ‘Species-Level’ and ‘Public Records’ repositories. For
each sample, we assigned species identifications based on top matches
of ≥98% across the three queried sequence databases (Cawthorn et al.,
2018). Nonetheless, possible candidate species with<2% divergence
were additionally recorded and were considered along with the top
matches when evaluating grouper mislabelling (Table A3, Suppl. Info.).
In cases where amplification failed or where sub-optimal reads were
obtained with the full COI fish-barcoding primer cocktail, we repeated
the PCR using mini-barcode primers targeting the COI gene (mI-
COIintF/jgHCO2198) and 12S rRNA gene (MiFishUF/MiFishUR) as
described in Leray et al. (2013) and Miya et al. (2015), respectively.
Sequencing and sequence analysis with mini-barcode primers were
conducted as previously described.

2.4. Likely origins

Samples were traced to their potential source fisheries using the
method detailed by Cawthorn et al. (2018). Briefly, FishBase (Froese
and Pauly, 2019) was used to determine the FAO major fishing areas in
which each of the genetically identified species are natively distributed,
with fractional scores being equally assigned to each recorded area as
proportions of 1. Scores were then summed across FAO areas, and
linkages between species and potential origins were visualised in Circos
(Krzywinski et al., 2009).

2.5. Evaluation of labelling accuracy

For each analysed sample, we compared the declared common name
and top species match (highest % similarity) obtained via DNA se-
quencing with the locally applicable common/market name and cor-
responding scientific name(s) listed in FishBase (used in the absence of
an authoritative list of approved names in the TCI; Froese and Pauly,
2019). We considered samples to be correctly labelled when the species
inferred from the stipulated common name agreed with the top genetic
match or any other candidate species (≥98% similarity) (Table A3,
Suppl. Info.). For samples additionally described as ‘local’, we con-
sidered these as correctly labelled if genetically identified as species
natively distributed in the TCI or its Exclusive Economic Zone (EEZ).
Lastly, by calculating posterior modes and Bayesian (Jeffreys) con-
fidence intervals (BCIs) with the R package ‘prevalence’ v 0.4.0, we
statistically analysed rates at which (i) different families were sold as
‘grouper’, (ii) samples were represented by species occurring locally,
and (iii) samples were labelled correctly by species and origin. Posterior
modes were used because they are better estimates of central tendency
for rates of mislabelling than naïve means (Luque and Donlan, 2019).

3. Results

Identification results for the ‘grouper’ products collected across the
TCI are summarised in Fig. 2 and provided in full in Table A3 (Suppl.
Info.). Of the 38 samples screened, 28 delivered interpretable DNA
sequences: i.e. 26 were identified to the species level based on their full
COI barcodes and an additional two were identified based on mini
barcodes (one to genus level, one to species level). Six samples failed to
amplify and four did not return reliable matches in GenBank or BOLD
(i.e. no match or< 98% similarity), with DNA degradation or PCR in-
hibition being the most likely explanations given the highly processed
nature of the investigated samples (i.e. cooked, deep-fried, seasoned
etc.).

In total, we genetically identified six species, representing four
genera and three families (Fig. 2). Only five of the matched samples
(mode = 18%) were assigned to the subfamily Epinephelinae, which
comprised three Indo-Pacific species (E. coioides [n = 2], E. malabaricus
[n = 1] and E. tauvina [n = 1]), as well as one sample identified as
Epinephelus sp. whose origin could not be accurately determined. The
bulk of samples (n = 16; mode = 57%) were found to be striped catfish
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(Pangasianodon hypophthalmus) of the family Pangasiidae; a freshwater
species massively farmed in South-East Asia (Fig. 2). The remaining
seven samples (mode = 25%) were confirmed as Lutjanidae spp., in-
cluding one as lavender jobfish (Pristipomoides sieboldii) which is found
in the Indo-Pacific and six as cubera snapper (Lutjanus cyanopterus)
which has a Western Atlantic distribution. Thus, of the 27 samples for
which origin could be determined, only the latter 6 (mode = 22%)
could be verified as potentially deriving from local TCI waters.

Overall, just one sample was labelled accurately (mode = 4%; 95%
BCI: 0.4–15.5%), being advertised in a store as ‘frozen grouper fillet’
and returning a top species match with E. tauvina (Figs. 2 and 3). Two
fillets sold in stores as ‘black grouper’ (a common name referring to
Mycteroperca bonaci locally or Hyporthodus mystacinus elsewhere; Froese
and Pauly, 2019) were rather assigned to E. malabaricus and Epinephelus
sp. Two further samples described on restaurant menus as ‘local
grouper’ were confirmed as orange-spotted grouper (E. coioides) from
the Indo-Pacific and were consequently considered mislabelled by
origin. Notably, an additional restaurant sample sold as ‘local grouper’
and identified as P. hypophthalmus was considered mislabelled by both
species and origin.

4. Discussion

Contrary to what might be anticipated for a subtropical island na-
tion with a rich complement of native Epinephelinae spp., the results of
our study reveal a rather limited biodiversity in the TCI ‘grouper’ trade,
including particularly low levels of Epinephelinae and local species in
general. Instead, the data presented here highlight that this fish trade is
largely being sustained through a heavy reliance on imported sub-
stitutes and concomitant high levels of mislabelling. From our total
sample set, we identified just six species labelled as ‘grouper’, albeit
from three different families. Approximately 82% of all analysed
‘grouper’ samples were confirmed as non-Epinephelinae spp., 78% were
likely foreign imported species and 96% were mislabelled either by

species or origin. Albeit possibly elevated by the Nassau grouper closed
season, this rate is among the highest reported for groupers globally
(Fig. 4, see also Table A1, Suppl. Info). We also found that the species
serving as substitutes for grouper in our study most closely resemble
those identified in North America (i.e. P. hypophthalmus, Lutjanidae
spp.), with less but some overlap with Europe (i.e. P. hypophthalmus)
and no overlap with Belize (Fig. 4., see also Table A1, Suppl. Info.). In
conflict with anecdotal reports or expectations, our DNA analyses did
not detect Nassau grouper during its closed season, any other banned
species (e.g. parrotfish) or undesirable ones, nor any local species other
than cubera snapper. However, it is likely that more substitute species
would have been detected with a larger sample size (Fig. A1, Suppl.
Info.), and therefore the potential sale of such species cannot be ex-
cluded.

We discovered mislabelling at multiple levels in the TCI: freshwater
farmed fish were sold as marine species; imported species were de-
scribed on menus as ‘locally caught’ or ‘fresh’; Lutjanidae spp. were sold
as Epinephelinae spp. despite belonging to a different family of reef
fishes; and Epinephelinae spp. were sold as ‘grouper’, but under mis-
leading or inaccurate common names. A substantial portion of this
mislabelling was almost certainly fraudulent. Specifically, the sub-
stitution of grouper with species other than Epinephelinae and the
marketing of imported species as ‘local’ would both be considered ‘false
or misleading representation[s]’ under the TCI Consumer Protection
Ordinance 2016, and therefore constitute offences liable to fines.
Although comparatively less frequent, some cases of mislabelling were
possibly unintentional. For instance, selling E. malabaricus and
Epinephelus sp. as ‘black grouper’, even though expected to constitute a
local species (M. bonaci), might not be considered an infringement
given that many Epinephelinae spp. have dark colouration (including E.
malabaricus), the word ‘local’ was not expressly stated on the sample
packaging, and the TCI has no mandatory standard market names.
Therefore, it is possible that in those instances the vendors did not in-
tend to deceive customers, either at the store in the TCI or at various

Fig. 2. Top DNA matches and likely origins of ‘grouper’ samples sold in the TCI. (A) Shows the proportional assignment of samples to species and (sub)family levels,
as well as the IUCN Red List status of genetically identified species. (B) Shows the proportions of identified species linked with the different FAO areas in which they
natively occur. The top map indicates the FAO area boundaries, with the pin marking the relative position of the TCI. R = sample from restaurant; S = sample from
store; DD = data deficient; LC = Least Concern; NT = Near Threatened; (EN) = Endangered in the wild; PG = Persian Gulf; ‘tick’ = labelled correctly. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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stages further back along the supply chain.
Studies from at least 15 countries across four continents have

identified Pangasiidae spp. (primarily P. hypophthalmus) as cheaper
substitutes for over 20 different species, including for ‘grouper’ in the
USA, Canada, Italy and Spain (Table A4, Suppl. Info.). Nonetheless, in
the context of a small island nation with a strong fishing heritage, the
high prevalence of imported P. hypophthalmus in the TCI is surprising.
Such findings differ from observations in Belize, where all substitutes
for grouper were identified as species found locally (Cox et al., 2013).

However, the TCI fleet has traditionally focused on spiny lobster and
queen conch rather than fish, and consequently restaurants and other
outlets have become reliant on imported fish: in 2001, 40% of the
‘grouper’ (unverified as Epinephelinae) sold in restaurants was stated to
be imported from Southeast Asia and Central America (Rudd, 2004).

The use of cubera snapper as a substitute for ‘grouper’ in restaurants
and markets in the TCI is peculiar given the similar domestic demand,
ex-vessel price, and cost of meals of both snapper and grouper locally. It
is also worrying due to the ‘vulnerable’ status of L. cyanopterus (IUCN,
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2020). However, because most TCI fishers sell their fish gutted, but
otherwise whole (Rudd, 2003; MC own obs.), it is likely that mis-
labelling transpired at stages further along the supply chain. These
substitutions might have been driven by a lack of locally caught grouper
in the TCI, particularly during the Nassau grouper closed season. An
alternative, but less likely explanation is that L. cyanopterus was im-
ported and mislabelling originated outside the TCI.

On both global and regional markets, locally produced seafood is
generally preferred over foreign counterparts due to consumer per-
ceptions of superior quality, freshness and environmental stewardship,
allowing a price premium to be charged (Fonner and Sylvia, 2015;
Frash Jr et al., 2015). TCI restaurants value local sourcing (Bristow and
Jenkins, 2018), and accordingly we observed numerous seafood items
marketed as ‘local’ or ‘locally caught’, or with synonyms alluding to this
(e.g. ‘fresh’, ‘catch of the day’, ‘daily’, ‘Caicos’, ‘South Caicos’, ‘Salt Cay’
etc.). However, no samples in our study were confirmed as species of
grouper occurring locally, and even those explicitly sold as ‘local
grouper’ were imported (two being assigned to E. coioides and one to P.
hypophthalmus). A similar discrepancy between seafood declared to be
‘local’ has also been observed in the neighbouring Bahamas (Smith and
Zeller, 2016).

During the study period, restaurants reported difficulty in sourcing
grouper from local fishers. TCI restaurants have faced this problem for
at least 15 years (Rudd, 2004). As tourist numbers continue to rise in
the country (Turks and Caicos Statistics Department, 2019), it is even
less likely that the local fisheries will be able to sustain the demand for
grouper. This applies both in terms of the capacity of the fleet and its
traditional focus on spiny lobster and queen conch, and in terms of the
vulnerability of Epinephelinae to increased fishing pressure, especially
targeting the critically endangered Nassau grouper. Low supply juxta-
posed against high consumer expectations likely encourages the mis-
labelling of other species as ‘grouper’. However, it should not be con-
cluded that mislabelling protects local stocks, or that there is a net
ecological benefit (see Mariani et al., 2017). Mislabelling promotes the
perception that grouper is abundant which could jeopardise support for
local management, a concern expressed for other species (Marko et al.,
2004; Miller and Mariani, 2010). While the majority of products la-
belled as ‘grouper’ were actually freshwater farmed Asian catfish, those
that were Epinephelinae were imported from the Indo-Pacific and thus
fishing pressure on groupers is shifted to distant waters. Reliance on
Indo-Pacific fisheries to supply the TCI market is problematic, regard-
less of whether this reduces fishing pressure on TCI stocks: E. coioides is
‘near threatened’ (‘vulnerable’ in its subrange of the Persian Gulf), and
E. tauvina is ‘data deficient’ (IUCN, 2020); groupers in this region are
frequently caught in data-scarce, poorly-managed, multispecies fish-
eries with no stock assessment and high rates of illegal, unreported and
unregulated (IUU) fishing (Amorim et al., 2018); and groupers are
generally highly vulnerable to fishing pressure (Sadovy de Mitcheson
et al., 2013). This problem is not unique to TCI and substitution of
‘local’ species with Indo-Pacific grouper has been documented else-
where (Warner et al., 2019).

Globally, fishers are not considered to be the main perpetrators of
seafood fraud (Jacquet and Pauly, 2008). Similarly, in the TCI, local
fishers do not appear to be the primary source or instigators of mis-
labelled ‘grouper’ into the supply chain. Instead, these fishers are
probably among the indirect victims of this fraud. Falsely labelling
cheap imported products as ‘grouper’ or as ‘local’ – whether occurring
outside the TCI or along domestic supply chains – suppresses ex-vessel
prices and gives fraudsters an unfair advantage over legitimate opera-
tors (Stiles et al., 2011; WWF, 2016). Mislabelling also erodes consumer
confidence in domestic seafood, potentially decreasing demand for such
products (Ropicki et al., 2010). These losses in revenue carry broad
consequences for local fishing communities, as well as the national
economy. In the TCI, this is particularly true for the island of South
Caicos, where fisheries remain the dominant industry and fewer alter-
native revenue streams exist compared to Providenciales. However,

local fishers on both islands would benefit from efforts to eradicate
mislabelling.

In the European Union (EU), advances in policy, monitoring, en-
forcement, and public awareness have been linked to notable reduc-
tions in the levels of seafood mislabelling (Mariani et al., 2015). Spe-
cifically, regulatory strategies aimed at improving seafood market
transparency have included mandating minimum labelling require-
ments for fisheries products (i.e. declaration of pre-approved common
name, scientific name, geographical origin, production method and
fishing gear; Reg. [EU] 1379/2013), as well as expanding import con-
trols and traceability legislation (Reg. [EU] 404/2011, European
Community [EC] Regs 178/2002, 1224/2009). Developments in sea-
food authentication techniques (e.g. DNA barcoding, next-generation
sequencing, isotope and elemental analysis), complemented with sev-
eral EU-funded collaborative projects aimed at standardising and vali-
dating such techniques (e.g. Labelfish [www.labelfish.eu], Fish-
PopTrace [https://fishpoptrace.jrc.ec.europa.eu]), have also provided a
platform for enhanced supply chain monitoring and policy enforcement
(Verrez-Bagnis et al., 2018). However, being one of the smallest
countries in the world, the TCI government has limited capacity to
address mislabelling with the same level of sustained intensity or
technical sophistication as larger countries. In addition, with regards to
the authenticity of imported seafood, the TCI may be largely restricted
to the standards of exporting countries, with the primary supplier being
the USA.

As a luxury tourist destination, seafood mislabelling in the TCI
might be addressed more effectively through market-based strategies
such as product integrity programmes and certifications which guar-
antee a combination of correct labelling, local production, and fresh-
ness. Among the plethora of eco-labels available worldwide, only few
(e.g. the Marine Stewardship Council) require full net-to-plate trace-
ability for their products, hence embedding authenticity in their certi-
fication scheme. The TCI small-scale fisheries targeting multiple species
would best be readily assisted through seafood integrity programmes,
which could be led by the tourist and hospitality (rather than public)
sectors, which have the financial motivation to promote the quality of
the seafood they provide and the ability to generate public awareness
through publicising their initiatives. In Florida, where the problem of
grouper substitution is widely documented, consumers have expressed
willingness to pay premiums for grouper product integrity labels
(Ropicki et al., 2010). While yet to be tested in the TCI, such initiatives
appear to be well suited to the wealthy tourist customer base.

Although the high level of mislabelling identified in our study is
worrying, it is unlikely to be representative of all seafood sold in the
TCI. Species may be less frequently substituted if they are not typically
sold as fillets but are more easily recognisable (e.g. small reef fishes and
spiny lobster sold near-whole or as ‘tails’, respectively), or are species of
lower value coupled with a more reliable supply. Furthermore, claims
of local sourcing are also more likely to be authentic for queen conch
and spiny lobster, the main targets of TCI fisheries and species that
support relatively large domestic and export markets. Nonetheless,
systems that can attest to the authenticity of all seafood will benefit
consumers, fishers, the reputation of restaurants and other vendors, and
ultimately fragile fish stocks and ecosystems.

CRediT authorship contribution statement

Marta C. Calosso: Conceptualization, Methodology,
Investigation, Resources, Writing - original draft. John A.B.
Claydon: Conceptualization, Methodology, Investigation, Formal
analysis, Resources, Writing - original draft, Visualization, Funding
acquisition. Stefano Mariani: Conceptualization, Methodology,
Resources, Writing - review & editing, Funding acquisition,
Supervision. Donna-Mareè Cawthorn: Methodology, Formal ana-
lysis, Investigation, Writing - original draft, Visualization.

M.C. Calosso, et al. Biological Conservation 245 (2020) 108557

7

http://www.labelfish.eu
https://fishpoptrace.jrc.ec.europa.eu


Acknowledgments

We would like to thank: the Department of Environment and Coastal
Resources, Turks and Caicos Islands Government for supporting the
study, and issuing research and export permits; J. Nappo, E. Nappo, and
M. Perry for providing accommodation during sample collection in
Providenciales; The School for Field Studies, Center for Marine
Resource Studies, for logistical support during sample collection in
South Caicos; three anonymous reviewers for comments which helped
to improve the manuscript. Laboratory work was funded by the
European Union's Horizon 2020 Research and Innovation Programme,
under the Marie Sklodowska-Curie grant agreement No 701737. IMR-
IMBeR provided funding to support open access publication.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.biocon.2020.108557.

References

Amorim, P., Sousa, P., Westmeyer, M., Menezes, G.M., 2018. Generic knowledge
Indicator (GKI): a tool to evaluate the state of knowledge of fisheries applied to
snapper and grouper. Mar. Policy 89, 40–49. https://doi.org/10.1016/j.marpol.2017.
11.030.

Armani, M., Civettini, M., Conedera, G., Favretti, M., Lombardo, D., Lucchini, R.,
Paternolli, S., Pezzuto, A., Rabini, M., Arcangeli, G., 2016. Evaluation of hygienic
quality and labelling of fish distributed in public canteens of Northeast Italy. Ital. J.
Food Safety 5, 185–190. https://doi.org/10.4081/ijfs.2016.5723.

Asensio, L., 2008. Application of multiplex PCR for the identification of grouper meals in
the restaurant industry. Food Control 19, 1096–1099. https://doi.org/10.1016/j.
foodcont.2007.11.002.

Asensio, L., Gonzalez, I., Rojas, M., García, T., Martín, R., 2009. PCR-based methodology
for the authentication of grouper (Epinephelus marginatus) in commercial fish fillets.
Food Control 20, 618–622. https://doi.org/10.1016/j.foodcont.2008.09.006.

Béné, C., Tewfik, A., 2001. Fishing effort allocation and fishermen's decision making
process in a multi-species small-scale fishery: analysis of the conch and lobster fishery
in Turks and Caicos Islands. Hum. Ecol. 29, 157–186. https://doi.org/10.1023/
A:1011059830170.

Bristow, R.S., Jenkins, I., 2018. Restaurant assessment of local food and the Global
Sustainable Tourism criteria. Eur. J. Tour. Res. 18, 120–132.

Calosso, M.C., Claydon, J.A.B., 2016. Assessing exploitation of Nassau grouper
(Epinephelus striatus) spawning aggregations through fishers' knowledge and landings
data. Proc. Gulf Caribb. Fish. Inst. 68, 103–108.

Cawthorn, D.M., Duncan, J., Kastern, C., Francis, J., Hoffman, L.C., 2015. Fish species
substitution and misnaming in South Africa: an economic, safety and sustainability
conundrum revisited. Food Chem. 185, 165–181. https://doi.org/10.1016/j.
foodchem.2015.03.113.

Cawthorn, D.M., Baillie, C., Mariani, S., 2018. Generic names and mislabeling conceal
high species diversity in global fisheries markets. Conserv. Lett. 11, e12573. https://
doi.org/10.1111/conl.12573.

Cheung, W.W.L., Sadovy de Mitcheson, Y., Braynen, M.T., Gittens, L.G., 2013. Are the last
remaining Nassau grouper Epinephelus striatus fisheries sustainable? Status quo in the
Bahamas. Endanger. Species Res. 20, 27–39. https://doi.org/10.3354/esr00472.

Coleman, F.C., Koenig, C.C., Huntsman, G.R., Musick, J.A., Eklund, A.M., McGovern, J.C.,
Chapman, R.W., Sedberry, G.R., Grimes, C.B., 2000. Long-lived reef fishes: the
grouper-snapper complex. Fisheries 25, 14–21. https://doi.org/10.1577/1548-
8446(2000)025<0014:LRF>2.0.CO;2.

Cox, C.E., Jones, C.D., Wares, J.P., Castillo, K.D., McField, M.D., Bruno, J.F., 2013.
Genetic testing reveals some mislabeling but general compliance with a ban on
herbivorous fish harvesting in Belize. Conserv. Lett. 6, 132–140. https://doi.org/10.
1111/j.1755-263X.2012.00286.x.

Craig, M.T., Sadovy de Mitcheson, Y.J., Heemstra, P.C., 2011. Groupers of the World: A
Field and Market Guide. CRC Press, Boca Raton, Florida.

Cutarelli, A., Amoroso, M.G., De Roma, A., Girardi, S., Galiero, G., Guarino, A., Corrado,
F., 2013. Italian market fish species identification and commercial frauds revealing
by DNA sequencing. Food Control 37, 46–50. https://doi.org/10.1016/j.foodcont.
2013.08.009.

Dawnay, N., Ogden, R., McEwing, R., Carvalho, G.R., Thorpe, R.S., 2007. Validation of
the barcoding gene COI for use in forensic genetic species identification. Forensic Sci.
Int. 173, 1–6. https://doi.org/10.1016/j.forsciint.2006.09.013.

Di Pinto, A., Marchetti, P., Mottola, A., Bozzo, G., Bonerba, E., Ceci, E., Bottaro, M.,
Tantillo, G., 2015. Species identification in fish fillet products using DNA barcoding.
Fish. Res. 170, 9–13. https://doi.org/10.1016/j.fishres.2015.05.006.

Donlan, C.J., Luque, G.M., 2019. Exploring the causes of seafood fraud: a meta-analysis
on mislabeling and price. Mar. Policy 100, 258–264. https://doi.org/10.1016/j.
marpol.2018.11.022.

Estoup, A., Largiader, C.R., Perrot, E., Chourrout, D., 1996. Rapid one-tube DNA ex-
traction for reliable PCR detection of fish polymorphic markers and transgenes. Mol.
Mar. Biol. Biotechnol. 3, 295–298.

European Commission, 2015. Fish Substitution (2015). European Commission Available
from. https://ec.europa.eu/food/safety/official_controls/food_fraud/fish_
substitution_en, Accessed date: 23 March 2020.

FDA (Food & Drug Administration), 2013. Detailed Results from FDA’s DNA Testing to
Evaluate Proper Labeling of Seafood Species in FY 2012–2013. FDA, Silver Spring,
Maryland Available from. www.fda.gov/downloads/Food/GuidanceRegulation/
GuidanceDocumentsRegulatoryInformation/Seafood/UCM419985.pdf, Accessed
date: 23 March 2020.

Filonzi, L., Chiesa, S., Vaghi, M., Nonnis, F.M., 2010. Molecular barcoding reveals mis-
labelling of commercial fish products in Italy. Food Res. Int. 43, 383–1388. https://
doi.org/10.1016/j.foodres.2010.04.016.

Fonner, R., Sylvia, G., 2015. Willingness to pay for multiple seafood labels in a niche
market. Mar. Resour. Econom. 30, 51–70. https://doi.org/10.1086/679466.

Fox, M., Mitchell, M., Dean, M., Elliott, C., Campbell, K., 2018. The seafood supply chain
from a fraudulent perspective. Food Secur 10, 939–963. https://doi.org/10.1007/
s12571-018-0826-z.

Frash Jr., R.E., DiPietro, R., Smith, W., 2015. Pay more for McLocal? Examining moti-
vators for willingness to pay for local food in a chain restaurant setting. J. Hosp.
Market. Manag. 24, 411–434. https://doi.org/10.1080/19368623.2014.911715.

Fricke, R., Eschmeyer, W.N., Fong, J.D., 2020. Eschmeyer's Catalog of Fishes: Species by
Family/Subfamily. Available from. http://researcharchive.calacademy.org/
research/ichthyology/catalog/SpeciesByFamily.asp, Accessed date: 23 March 2020.

Froese, R., Pauly, D., 2019. FishBase. World Wide Web electronic publication. version
(12/2019) (accessed 23 March 2020). www.fishbase.org.

Guardone, L., Tinacci, L., Costanzo, F., Azzarelli, D., D’Amico, P., Tasselli, G., Magni, A.,
Guidi, A., Nucera, D., Armani, A., 2017. DNA barcoding as a tool for detecting
mislabeling of fishery products imported from third countries: an official survey
conducted at the border inspection post of Livorno-Pisa (Italy). Food Control 80,
204–216. https://doi.org/10.1016/j.foodcont.2017.03.056.

Heemstra, P.C., Randall, J.E., 1993. FAO Species Catalogue, Vol. 16. Groupers of the
World (Family Serranidae, Subfamily Epinephelinae). An Annotated and Illustrated
Catalogue of the Grouper, Rockcod, Hind, Coral Grouper and Lyretail Species Known
to Date. FAO Fisheries Synopsis 125 Vol. 16 FAO, Rome.

Hu, Y., Huang, S.Y., Hanner, R., Levin, J., Lu, X., 2018. Study of fish products in metro
Vancouver using DNA barcoding methods reveals fraudulent labeling. Food Control
94, 38–47. https://doi.org/10.1016/j.foodcont.2018.06.023.

IUCN (International Union for Conservation of Nature), 2020. The IUCN Red List of
Threatened Species. Available from. www.iucnredlist.org, Accessed date: 23 March
2020.

Ivanova, N.V., Zemlak, T.S., Hanner, R.H., Hebert, P.D., 2007. Universal primer cocktails
for fish DNA barcoding. Mol. Ecol. Notes 7, 544–548. https://doi.org/10.1111/j.
1471-8286.2007.01748.x.

Jacquet, J.L., Pauly, D., 2008. Trade secrets: renaming and mislabeling of seafood. Mar.
Policy 32, 309–318. https://doi.org/10.1016/j.marpol.2007.06.007.

Krzywinski, M., Schein, J., Birol, I., Connors, J., Gascoyne, R., Horsman, D., Jones, S.J.,
Marra, M.A., 2009. Circos: an information aesthetic for comparative genomics.
Genome Res. 19, 1639–1645. https://doi.org/10.1101/gr.092759.109.

Leray, M., Yang, J.Y., Meyer, C.P., Mills, S.C., Agudelo, N., Ranwez, V., Boehm, J.T.,
Machida, R.J., 2013. A new versatile primer set targeting a short fragment of the
mitochondrial COI region for metabarcoding metazoan diversity: application for
characterizing coral reef fish gut contents. Front. Zool. 10, 34. https://doi.org/10.
1186/1742-9994-10-34.

Levin, J., 2018. Seafood Fraud and Mislabelling across Canada. Oceana, Washington, DC.
Luiz, O.J., Woods, R.M., Madin, E.M.P., Madin, J.S., 2016. Predicting IUCN extinction risk

categories for the world’s data deficient groupers (Teleostei: Epinephelidae). Conserv.
Lett. 9, 342–350. https://doi.org/10.1111/conl.12230.

Luque, G.M., Donlan, C.J., 2019. The characterization of seafood mislabeling: a global
meta-analysis. Biol. Conserv. 236, 556–570. https://doi.org/10.1016/j.biocon.2019.
04.006.

Mariani, S., Griffiths, A.M., Velasco, A., Kappel, K., Jérôme, M., Perez-Martin, R.I.,
Schröder, U., Verrez-Bagnis, V., Silva, H., Vandamme, S.G., Boufana, B., Mendes, R.,
Shorten, M., Smith, C., Hankard, E., Hook, S.A., Weymer, A.S., Gunning, D., Sotelo,
C.G., 2015. Low mislabeling rates indicate marked improvements in European sea-
food market operations. Front. Ecol. Environ. 13, 536–540. https://doi.org/10.1890/
150119.

Mariani, S., Cawthorn, D.M., Hanner, R., 2017. Mislabeling seafood does not promote
sustainability: a comment on Stawitz et al. (2016). Conserv. Lett. 10, 781–782.
https://doi.org/10.1111/conl.12346.

Marín, A., Serna, J., Robles, C., Ramírez, B., Reyes-Flores, L.E., Zelada-Mázmela, E., Sotil,
G., Alfaro, R., 2018. A glimpse into the genetic diversity of the Peruvian seafood
sector: unveiling species substitution, mislabeling and trade of threatened species.
PLoS One 13, e0206596. https://doi.org/10.1371/journal.pone.0206596.

Marko, P.B, Lee, S.C., Rice, A.M., Gramling, J.M., Fitzhenry, T.M., McAlister, J.S., Harper,
G.R., Moran, A.L., 2004. Fisheries: mislabelling of a depleted reef fish. Nature 430,
309–310. https://doi.org/10.1038/430309b.

Medley, P., Ninnes, C., 1999. A stock assessment for the conch (Strombus gigas L.) fishery
in the Turks and Caicos Islands. Bull. Mar. Sci. 64, 399–406.

M.C. Calosso, et al. Biological Conservation 245 (2020) 108557

8

https://doi.org/10.1016/j.biocon.2020.108557
https://doi.org/10.1016/j.biocon.2020.108557
https://doi.org/10.1016/j.marpol.2017.11.030
https://doi.org/10.1016/j.marpol.2017.11.030
https://doi.org/10.4081/ijfs.2016.5723
https://doi.org/10.1016/j.foodcont.2007.11.002
https://doi.org/10.1016/j.foodcont.2007.11.002
https://doi.org/10.1016/j.foodcont.2008.09.006
https://doi.org/10.1023/A:1011059830170
https://doi.org/10.1023/A:1011059830170
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0030
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0030
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0035
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0035
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0035
https://doi.org/10.1016/j.foodchem.2015.03.113
https://doi.org/10.1016/j.foodchem.2015.03.113
https://doi.org/10.1111/conl.12573
https://doi.org/10.1111/conl.12573
https://doi.org/10.3354/esr00472
https://doi.org/10.1577/1548-8446(2000)025<0014:LRF>2.0.CO;2
https://doi.org/10.1577/1548-8446(2000)025<0014:LRF>2.0.CO;2
https://doi.org/10.1111/j.1755-263X.2012.00286.x
https://doi.org/10.1111/j.1755-263X.2012.00286.x
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0065
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0065
https://doi.org/10.1016/j.foodcont.2013.08.009
https://doi.org/10.1016/j.foodcont.2013.08.009
https://doi.org/10.1016/j.forsciint.2006.09.013
https://doi.org/10.1016/j.fishres.2015.05.006
https://doi.org/10.1016/j.marpol.2018.11.022
https://doi.org/10.1016/j.marpol.2018.11.022
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0090
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0090
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0090
https://ec.europa.eu/food/safety/official_controls/food_fraud/fish_substitution_en
https://ec.europa.eu/food/safety/official_controls/food_fraud/fish_substitution_en
http://www.fda.gov/downloads/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Seafood/UCM419985.pdf
http://www.fda.gov/downloads/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Seafood/UCM419985.pdf
https://doi.org/10.1016/j.foodres.2010.04.016
https://doi.org/10.1016/j.foodres.2010.04.016
https://doi.org/10.1086/679466
https://doi.org/10.1007/s12571-018-0826-z
https://doi.org/10.1007/s12571-018-0826-z
https://doi.org/10.1080/19368623.2014.911715
http://researcharchive.calacademy.org/research/ichthyology/catalog/SpeciesByFamily.asp
http://researcharchive.calacademy.org/research/ichthyology/catalog/SpeciesByFamily.asp
http://www.fishbase.org
https://doi.org/10.1016/j.foodcont.2017.03.056
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0140
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0140
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0140
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0140
https://doi.org/10.1016/j.foodcont.2018.06.023
http://www.iucnredlist.org
https://doi.org/10.1111/j.1471-8286.2007.01748.x
https://doi.org/10.1111/j.1471-8286.2007.01748.x
https://doi.org/10.1016/j.marpol.2007.06.007
https://doi.org/10.1101/gr.092759.109
https://doi.org/10.1186/1742-9994-10-34
https://doi.org/10.1186/1742-9994-10-34
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0175
https://doi.org/10.1111/conl.12230
https://doi.org/10.1016/j.biocon.2019.04.006
https://doi.org/10.1016/j.biocon.2019.04.006
https://doi.org/10.1890/150119
https://doi.org/10.1890/150119
https://doi.org/10.1111/conl.12346
https://doi.org/10.1371/journal.pone.0206596
https://doi.org/10.1038/430309b
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0205
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0205


Miller, D.D., Mariani, S., 2010. Smoke, mirrors, and mislabeled cod: poor transparency in
the European seafood industry. Front. Ecol. Environ. 8, 517–521. https://doi.org/10.
1890/090212.

Miya, M., Sato, Y., Fukunaga, T., Sado, T., Poulsen, J.Y., Sato, K., Minamoto, T.,
Yamamoto, S., Yamanaka, H., Araki, H., Kondoh, M., 2015. MiFish, a set of universal
PCR primers for metabarcoding environmental DNA from fishes: detection of more
than 230 subtropical marine species. Royal Soc. Open Sci. 2, 150088. https://doi.
org/10.1098/rsos.150088.

Mottola, A., Marchetti, P., Bottaro, M., Di Pinto, A., 2014. DNA barcoding for species
identification in prepared fishery products. Albanian. J. Agric. Sci. 2014 (special
edition), 447–453.

Nagalakshmi, K., Annam, P., Venkateshwarlu, G., Pathakota, G., Lakra, W.S., 2016.
Mislabeling in Indian seafood: an investigation using DNA barcoding. Food Control
59, 196–200. https://doi.org/10.1016/j.foodcont.2015.05.018.

Pardo, M.Á., Jiménez, E., Viðarsson, J.R., Ólafsson, K., Ólafsdóttir, G., Daníelsdóttir, A.K.,
Pérez-Villareal, B., 2018. DNA barcoding revealing mislabeling of seafood in
European mass caterings. Food Control 92, 7–16. https://doi.org/10.1016/j.
foodcont.2018.04.044.

REEF (Reef Environmental Education Foundation), 2019. Volunteer Fish Survey Project
Database. Available from. https://www.reef.org, Accessed date: 17 February 2019.

Roberts, C.M., Polunin, N.V., 1993. Marine reserves: simple solutions to managing
complex fisheries? Ambio 22, 363–368.

Ropicki, A.J., Larkin, S.L., Adams, C.M., 2010. Seafood substitution and mislabeling: WTP
for a locally caught grouper labeling program in Florida. Mar. Resour. Econom. 25,
77–93. https://doi.org/10.5950/0738-1360-25.1.77.

Rudd, M.A., 2003. Fisheries landings and trade of the Turks and Caicos Islands. Fish. Cent.
Res. Rep. 11, 149–161.

Rudd, M.A., 2004. The effects of seafood import tariffs on market demand for Nassau
grouper in the Turks and Caicos Islands. Proc. Gulf Caribb. Fish. Inst. 55, 178–190.

Sadovy, Y., 1999. The case of the disappearing grouper: Epinephelus striatus, the Nassau
grouper, in the Caribbean and western Atlantic. Proc. Gulf Caribb. Fish. Inst. 45,
5–22.

Sadovy de Mitcheson, Y., Craig, M.T., Bertoncini, A.A., Carpenter, K.E., Cheung, W.W.,
Choat, J.H., Cornish, A.S., Fennessy, S.T., Ferreira, B.P., Heemstra, P.C., Liu, M.,
2013. Fishing groupers towards extinction: a global assessment of threats and ex-
tinction risks in a billion dollar fishery. Fish Fish. 14, 119–136. https://doi.org/10.
1111/j.1467-2979.2011.00455.x.

Sadovy, Y., Eklund, A.M., 1999. Synopsis of Biological Data on the Nassau Grouper,
Epinephelus striatus (Bloch, 1792), and the Jewfish, E. itajara (Lichtenstein, 1822).
NOAA Technical Report NMFS 146. US Department of Commerce, Seattle,
Washington.

Sadovy, Y., Aguilar-Perera, A., Sosa-Cordero, E., 2018. Epinephelus striatus. The IUCN
Red List of Threatened Species. Available from https://doi.org/10.2305/IUCN.UK.

2018-2.RLTS.T7862A46909843.en (accessed 28 May 2019).
Schneider, E., 2012. The Epidemiology and Surveillance of Ciguatera Fish Poisoning in

the Turks and Caicos Islands (Master’s dissertation). University of Guelph, Ontario,
Canada Available from. http://hdl.handle.net/10214/3966, Accessed date: 4 June
2019.

Shehata, H.R., Bourque, D., Steinke, D., Chen, S., Hanner, R., 2018. Survey of mislabeling
across finfish supply chain reveals mislabeling both outside and within Canada. Food
Res. Int. 121, 723–729. https://doi.org/10.1016/j.foodres.2018.12.047.

Smith, N.S., Zeller, D., 2016. Unreported catch and tourist demand on local fisheries of
small island states: the case of the Bahamas, 1950-2010. Fish. Bull. 114, 117–131.
https://doi.org/10.7755/FB.114.1.10.

Staffen, C.F., Staffen, M.D., Becker, M.L., Löfgren, S.E., Muniz, Y.C.N., de Freitas, R.H.A.,
Marrero, A.R., 2017. DNA barcoding reveals the mislabeling of fish in a popular
tourist destination in Brazil. PeerJ 5, e4006. https://doi.org/10.7717/peerj.4006.

Stiles, M.L., Lahr, H., Lahey, W., Shaftel, E., Bethel, D., Falls, J., Hirshfield, M.F., 2011.
Bait and Switch: How Seafood Fraud Hurts our Oceans, our Wallets and our Health.
Oceana, Washington, DC.

Tietze, U., Haughton, M., Siar, S.V., 2006. Socio-Economic Indicators in Integrated
Coastal Zone and Community-Based Fisheries Management: Case Studies from the
Caribbean. FAO Fisheries Technical Paper N. 491 FAO, Rome.

Turks and Caicos Statistics Department, 2019. Latest Indicators. Available from. https://
www.gov.tc/stats/, Accessed date: 27 April 2019.

UNEP (United Nations Environment Programme), 2017. Ninth Meeting of the Contracting
Parties (COP) to the Protocol Concerning Specially Protected Areas and Wildlife
(SPAW) in the Wider Caribbean Region. Cayenne, French Guiana, 13 March 2017.
UNEP (DEPI)/CAR IG.37/5. Available from. http://www.car-spaw-rac.org/,
Accessed date: 20 July 2019.

Verrez-Bagnis, V., Sotelo, C.G., Mendes, R., Silva, H., Kappel, K., Schröder, U., 2018.
Methods for seafood authenticity testing in Europe. In: Mérillon, J.M., Ramawat, K.
(Eds.), Bioactive Molecules in Food. Springer, Cham. https://doi.org/10.1007/978-3-
319-54528-8.

Wang, D., Hsieh, Y.H.P., 2016. The use of imported pangasius fish in local restaurants.
Food Control 65, 136–142. https://doi.org/10.1016/j.foodcont.2016.01.016.

Warner, K., Walker Timme, B.L., Hirshfield, M., 2013. Oceana Study Reveals Seafood
Fraud Nationwide. Oceana, Washington, DC.

Warner, K., Mustain, P., Lowell, B., Geren, S., Talmage, S., 2016. Deceptive Dishes:
Seafood Swaps Found Worldwide. Oceana, Washington, DC.

Warner, K., Roberts, W., Mustain, P., Lowell, B., Swain, M., 2019. Casting a wider Net:
More Action Needed to Stop Seafood Fraud in the United States. Oceana,
Washington, DC.

WWF (World Wildlife Fund), 2016. An Analysis of the Impact of IUU Imports on US
Fishermen. Available from. www.worldwildlife.org/publications/an-analysis-of-the-
impact-of-iuu-imports-on-u-s-fishermen, Accessed date: 1 June 2019.

M.C. Calosso, et al. Biological Conservation 245 (2020) 108557

9

https://doi.org/10.1890/090212
https://doi.org/10.1890/090212
https://doi.org/10.1098/rsos.150088
https://doi.org/10.1098/rsos.150088
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0215
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0215
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0215
https://doi.org/10.1016/j.foodcont.2015.05.018
https://doi.org/10.1016/j.foodcont.2018.04.044
https://doi.org/10.1016/j.foodcont.2018.04.044
https://www.reef.org
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0235
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0235
https://doi.org/10.5950/0738-1360-25.1.77
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0245
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0245
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0250
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0250
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0255
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0255
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0255
https://doi.org/10.1111/j.1467-2979.2011.00455.x
https://doi.org/10.1111/j.1467-2979.2011.00455.x
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0265
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0265
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0265
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0265
https://doi.org/10.2305/IUCN.UK.2018-2.RLTS.T7862A46909843.en
https://doi.org/10.2305/IUCN.UK.2018-2.RLTS.T7862A46909843.en
http://hdl.handle.net/10214/3966
https://doi.org/10.1016/j.foodres.2018.12.047
https://doi.org/10.7755/FB.114.1.10
https://doi.org/10.7717/peerj.4006
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0290
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0290
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0290
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0295
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0295
https://www.gov.tc/stats/
https://www.gov.tc/stats/
http://www.car-spaw-rac.org/
https://doi.org/10.1007/978-3-319-54528-8
https://doi.org/10.1007/978-3-319-54528-8
https://doi.org/10.1016/j.foodcont.2016.01.016
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0320
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0320
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0325
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0325
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0330
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0330
http://refhub.elsevier.com/S0006-3207(19)31552-6/rf0330
http://www.worldwildlife.org/publications/an-analysis-of-the-impact-of-iuu-imports-on-u-s-fishermen
http://www.worldwildlife.org/publications/an-analysis-of-the-impact-of-iuu-imports-on-u-s-fishermen

	Global footprint of mislabelled seafood on a small island nation
	Introduction
	Materials and methods
	Study area
	Sample collection
	DNA analysis
	Likely origins
	Evaluation of labelling accuracy

	Results
	Discussion
	CRediT authorship contribution statement
	Acknowledgments
	mk:H1_13
	mk:H1_14
	Supplementary data
	References




